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HE Association was organized in Boston, Mass., on June 21, 1882, with the object 
of providing its members with means of social intercourse and for the exchange of 
knowledge pertaining to the construction and management of water works. From an 
original membership of only TWENTY-SEVEN, its growth has prospered until now it in- 
cludes the names of 800 men. Its membership is divided into six classes, viz.: 

A Member shall be an officer or employee of a public or private water works, an engineer, chemist or 


other person qualified to aid or interested in the advancement of knowledge relative to water works. 
An Honorary Member shall be a person of acknowledged eminence in some branch of water supply or 


of engineering. 
A Junior shall be not less than eighteen years nor more than twenty-five years of age, a student or 


connected with water supply work. 
An Associate shall be either a person, firm or corporation engaged in manufacturing or furnishing 


materials or supplies for the construction or maintenance of water works. 
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The initiation fees and annual dues are as follows: 


Initiation Fees Annual Dues 
Corporate Members .............-.--- 10.00 Corporate Members .......... .....-- 10.00 


This Association has at least eight regular meetings each year, of which five are 
held in Boston, one in northern New England, one in southern New England, and one, 
the annual convention, held in September on such date as the Executive Committee may 


designate. 
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@ The shapes and forms that will 
carve the skyline in 2042 A.D. 
can only be guessed at. Their de- 
sign is on the blueprints of the 
future. Being manufactured and 
installed today, however, are 
smooth-flowing pipe lines that 
will underlie the cities of tomor- 
row. Lock Joint Pressure Pipe 
Lines are constructed and laid 
with an eye to the demands of 
distant generations. A century of 


Denver, Colo. * Chicago, Ill. 


Rock Islan 


SCOPE OF SERVICES 
Lock Joint Pipe Company specializes in the 
manufacture and installation of Reinforced 
Concrete Pressure Pipe for Water Supply 
Mains as well as Concrete Pipe of all types 
for Sanitary Sewers, Storm Drains, Culverts 
and Subaqueous lines. 


useful service, immune to tuber- 
culation and corrosion, maintain- 
ing their original high carrying 
capacity and original strength! 
The life expectancy of Lock Joint 
Reinforced Concrete Pressure 
Pipe Lines should make them 
your best investment in 1942. 
Whether your project is large or 
small, your ’phone call, telegram, 
cable or letter to any of our offi- 
ces, will bring a prompt reply. 


LOCK JOINT PIPE COMPANY 


Established 1905 
AMPERE, NEW JERSEY 


d, Ill. * White Plains, N.Y. Valley Park, Mo. 
Cleveland, Ohio * Hartford, Conn. * Navarre, Ohio 


Kansas City, Mo. 
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Empire Victory Meter is a fully protected 

iron case meter having a molded glass regis- 

ter cover. About 70% of the bronze normally 
used in a meter of this size has been eliminated 
without sacrificing any of the quality construc- 
tion details that have, for 72 years, been associ- 
ated with the Empire name. The time tested 
oscillating piston principle of measurement, 
using the famous Empire Balanced Piston, pro- 
vides unexcelled accuracy. Smooth flow lines 
and interior t in binati with a 


CTORY 


A FULLY PROTECTED 


IRON CASE WATER METER 


accurate meter reading 


measuring chamber having dual inlet and outlet 
ports, keeps pressure absorption at the absolute 
minimum. The design incorporates many inno- 
vations in construction that reduce friction and 
wear, assuring retention of the high initial accu- 
racy of the meter over a long period of time. 
The Empire Victory is a meter that will give 
thoroughly dependable, unfailingly accurate 
service both for the duration and for many years 
to come. Descriptive literature will be sent 
upon request. 


PITTSBURGH -NATIONAL METERS 


THE MOST COMPLETE LINE OF WATER METERS IN THE WORLD 


PITTSBURGH EQUITABLE METER COMPANY 


DES MOINES 


MICAGO 
sostow NATIONAL METER DIVISION Brooklyn N Y 


Pittsburgh. Pa. FRANCISCO COLUMBIA 
(OS 


with V-Glass Register Box 


As the meter reader sees it—the V-Glass 
Register Box provides clear vision for quick, 

tly seals the 
register mechanism against dust and moisture. 


: 
: 
e 
; 
iy 
i 


Table of 


Municipal Water Charges to Industrial Users. By Arthur C. King ... 
Financing Water Mains. By William P. Melley 


Cooperative Ground Water Investigation in Massachusetts. 
By M. L. Brashears 


Codperative Ground Water Investigation in Connecticut. 
By John G. Ferris 


Red Water—Causes and Elimination. By I. Laird Newell 
Experiments with Tube-Loy Pipe. By Robert Spurr Weston 


Relative Efficiency of Activated Carbon and Aeration in the Removal 
of Tastes and Odors. By George C. Bogren 


Public Works Programming in Relation to the Post-Emergency Prob- 
lem. By William Stanley Parker 


Hill, New Hampshire—A Planned Town. By John L. Hayden 


Cleaning, Sterilizing and Incorporating the Amoskeag Mills Water 
System into the Manchester, N. H. City System. 
By Percy A. Shaw 


Public Water Supply in the Civilian Defense Program. 
By R. E. Tarbett 


Design and Construction of Preload Tanks and Domes. 
By Andrew C. Linberg 


The 1941 Drought and Its Effect in New England—A Symposium ... 


Proceedings: 
March Meeting 
April Meeting 
May Meeting 


Obituaries: 
George Field Merrill 
Alexander H. O’Brien 
Abel Reynolds 


PAGE 
133 
136 
152 
ae wos 157 
184 
192 
...... 202 
212 
221 
230 
— 


Today, practically every Dresser peacetime product has a new wartime significance. The 
Dresser products most frequently used in the construction, maintenance, and repair of 
steel and cast-iron water lines are illustrated on this page. For information on other 
_ Dresser Couplings and Fittings, Repair Clamps and Sleeves, write Dresser at Bradford. 


DRESSER MANUFACTURING CO. - BRADFORD, PA 


World’s Largest and Oldest Manufacturer of Flexible Pipe Joints and Repair Device 


CHICAGO 
17 E. 42nd Street 1121 Rothwell Street Peoples Gas Bldg. 


NEW YORK HOUSTON 


IN CANADA: Dresser Manufacturing Company, Ltd., 60 Front St., W., Toronto, Ont 


eet New War time Condit 
Dresser Couplings Dresset Coupling® Dresser BELLMASTER joint 
Style 38 Style 53 Style 85 
Make a flexible. permanently tight For use with plain-end, castiron Pipe A single-gasketed self-contained 
nection when assembled on plain-end or, cons chanical joint for cast-iron pipe. 4 
steel, wrought-irom, cast-iron, spiral- similar to Style 38, with the exception signed for strength, flexibility, ° 
welded, concrete, °F other Pipe: Size of cast material. Sizes available: 2” to resistance t© corrosion. Easy to ix 
range: 74" to largest made. 30” inclusive: to”, 12”, 
Dressex NO-THREAD Dresse® ADJUSTABLE Dresser Bell-Joint 
Fittings Repair Sleeve Clamp 
Style 65 Style 82 Style 60 
Convenient, self-contained pipe joint. Fixes breaks, poles, and splits in straight Repairs and prevents leaks i a a 
Makes tight, flexible connection OP runs of cast-iron pipe easily, joints. Readily adjusted to 
plain-end pipe- No pipe threading and ghut-downs- jn bell and spigot diameters 
needed: In standard sizes, 34" to 2" Aajustable to fit varying PiPe diameters: parts made of high-tensile 
including couplings, ells, and tees: Low in cost. jron. Easily installed. 
1038 Polk Street a 
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MUNICIPAL WATER CHARGES TO INDUSTRIAL USERS 
BY ARTHUR C. KING* 


[Read September 26, 1941.] 


The idea from which this short paper grew came from the wide 
variation in water rates for manufacturing use in different localities, 
noted during a study of a request for a special rate. Analysis and 
comparison of the published rates of twenty-six cities, towns, and 
water companies in New England disclosed nearly as many different 
rates, and many different points of change from higher to lower rates. 

For ease of comparison, rates have been translated, as necessary, 
into charges in cents per 100 cu. ft. and step-rate quantities have been 
adjusted to the monthly basis, though billing is quarterly in many 
places. In some cases, finally, the first or high rates per 100 cu. ft. 
have been taken from the maximum amount covered by the minimum 
charge. 

Users of water and manufacturers of fixtures and equipment 
usually think and speak of quantities of water in gallons, although 
cubic feet are more commonly used in New England for making up 
charges for water. In this comparison, it seemed advisable to set a 
figure such as might be needed by a moderately large user. That 
figure has been taken, in the words of the customer, as 100,000 g.p.d., 
or for a working-day month of 25 days, as 333,333 cu. ft. per month. 
In comparing the point of change in rates, a month of 31 days has 
been used in those cases where the rate changes are based on the 
average quantities used per day. 

The most common number of rates in use seems to be three, as 
no less than 10 of the 26 communities listed in the accompanying 
table use only three different regular rates, although Fall River uses 
14. First or high rates vary from New Haven’s 50¢ for the first 200 
cu. ft., to Manchester’s 10¢ for the first 33,333 cu. ft. Holyoke’s 
single rate of 44%4¢ for any quantity should be mentioned, as well 


*Superintendent and Clerk of the Board, Water Works, Taunton, Mass. 
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WATER CHARGES TO INDUSTRY. 


MUNICIPAL WATER CHARGES TO INDUSTRIAL USERS 


LOCALITY S338 Gdn 3288 833 
Augusta, Me. $208. G&P 7 20 333 6 33,333 
Ayer, Mass. 3 1,111 
Brattleboro, Vt. 240. G 3 30 5,000 10 10,000 
Bridgeport, Conn. 280. G 4 15 6,667 6 40,000 
Burlington, Vt. 348. 3 20 10,000 10 20,000 
Concord, N. H. 200. G&P 10 162/3 500 7 145,000 
Fall River, Mass. 396. P 14 24 775 10% =. 217,000 
Fitchburg, Mass. 141. G 3 18 1,667 4 18,333 
Hartford, Conn. 307. G 2 15 93,000 71% 93,000 
Holyoke, Mass. 142. G 1 44 
Lynn, Mass. 40. — 3 15 16,667 8 416,667 
Manchester, N. H. 197, ls 3 10 33,333 5 100,000 
Middleboro, Mass. Sit. P 7 19 40,000 10 1,000,000 
New Bedford, Mass. 259. P 5 11% 3,300 1 666,600 
New Haven, Conn. 390. G 7 50 200 5 750,000 
Norwich, Conn. 211. G 3 25 1,667 6 16,667 
Peabody, Mass. 490. — 2 15 300,000 12 300,000 
Pittsfield, Mass. 202. G 3 12 1,667 6 5,000 
Portland, Maine 248. G&P 4 14 10,000 7 30,000 
Providence, R. I. 267. G 3 18 3,333 7% 33,333 
Salem, Mass. 500. — 1 15 15 
Springfield, Mass. 167. G 2 22 1,667 5 1,667 
Taunton, Mass. 239. P 3 19 3,333 634 33,333 
Westerly, R. I. 300. P 6 22% ~—- 2,060 7% 124,000 
Woonsocket, R. I. 244. G&P 4 21 3,333 7 10,000 
Worcester, Mass. 300. G 1 9 — 9 —_ 
AVERAGE 291. 19 1/3 23,423 176,741 


as Worcester’s special rate of 9¢ for all exclusively manufacturing 
use. The most common first rate among those listed is 15¢, which 
prevails in 5 places. 

Low rates for quantity use vary from the Salem, Mass., single 
rate of 15¢ down to New Bedford’s 1¢ for quantities over 666,600 
cu. ft. per month. In Ayer the low rate of 1114¢ is applied for use 
of over 1,111 cu. ft., while in New Haven the low rate of 5¢ is not 
applied until the use reaches 750,000 cu. ft. The most common low 
rate is 6¢, used in four places, closely followed by 5¢, 7¢, 714¢ and 
10¢, each used in three places. 
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Brattleboro, Vt., Concord, N. H., Peabody, Mass., Portland, Me., 
and Springfield and Worcester, Mass., have special rates for excep- 
tionally large users or for strictly manufacturing use. Springfield, 
which supplies several communities as well as some very large manu- 
facturing plants, enters into individual contracts in such cases. 

In Bridgeport, Conn., the charge is made up of a fixed charge, 
based on the size of the meter, in addition to the charge for water, 
and in New Bedford there is a yearly meter rental of 10% of the 
cost of the meter. 

There is no apparent consistent relation between rates and meth- 
ods of supply, that is whether supplied by gravity or by pumping. 
To be sure, most of the lowest rates occur in connection with gravity 
supplies, but some rates below the average are found where the supply 
is pumped, and some of the gravity systems have rates above the 
average. 

Many factors enter into the establishment of proper rates for 
each individual system, in addition to the one already mentioned: 
method of supply. First cost, affected heavily by geographic and 
other local conditions, as well as operating cost, varies much even in 
the small area of New England and is reflected in the rates. No 
schedule can, therefore, be picked as the one correct solution for all, 
but it is hoped that this synopsis may be of interest by way of 
showing us what “the other fellow” does in this respect. 
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FINANCING WATER MAINS 
BY WILLIAM P. MELLEY* 


[Read September 26, 1941.] 


Finding money with which to extend or replace water mains is a 
problem that all growing water works, either publicly or privately 
owned, face continually. Although there are well-established sources 
for the funds, the choice may be improperly dictated by community 
habits already well formed, by certain conditions peculiar to the 
locality, or by politics. 

The principal sources for funds are bond issues, departmental 
revenue from surplus or reserves, appropriation from general tax 
levy, contributions (in whole or part) by developers, and assessments 
against abutting property. 

The issuing of bonds is a popular means for raising money. It 
defers payment of the cost of work done with the money, so that 
future property owners or water takers, who will benefit from the 
improvements, so financed, will pay for some of the expense incurred, 
either in their real estate tax bills or water rates. Paying off the 
principal and interest may be handled in several ways, but the most 
common practice is to pay the retirement charges out of real estate 
tax and the interest from water department revenue. 

To use surplus or reserves for installation of mains is to spend 
money set aside for that purpose out of earnings of previous years. 

The municipality may contribute all or part of the cost of 
extensions of mains by appropriating funds for that purpose from the 
real estate tax levy. 

In the four sources already noted, the money comes either 
criginally or finally from the owner of real estate or from the water 
taker. When a developer of a property contributes a part or all of the 
cost of an installation, or all or part of the cost is assessed as a better- 
ment against the abuttors, it may be considered that those chiefly 
benefited are supporting the improvement. 


*Superintendent, Water Department, Milton, Mass. 
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Proper public water works operation consists principally in 
supplying potable water for domestic, commercial, and industrial use. 
A secondary but very important obligation is to insure an adequate 
supply of water, not necessarily pure, for assistance in fire fighting. 
It is not necessary to combine these two functions in one system. 
but, because of the heavy investment required, they are almost 
universally performed by the same mains. 

The first service places a more or less uniform demand on the 
water works for pure, tasteless, colorless water, and because of the 
steadiness of demand, does not require large distribution mains 
and equipment such as are needed for fire fighting, when considerable 
quantities of water are drawn for relatively short periods. 

We have all experienced the need of replacing small pipes, two, 
four or six inches in diameter, with larger pipes when the smaller 
sizes were adequate for domestic supplies. It would seem that there 
should be some distinction between the sources of funds for financing 
the cost of mains for domestic use and those used principally for fire 
fighting. 

Most authorities distinguish between the functions of a publicly 
owned utility such as a water department and other municipally 
operated departments such as sewer, fire, police, and highway depart- 
ments. Actually a municipally-operated water works provides within 
its customary functions, the two distinguishable activities. In cities 
that have two water systems, one distributing potable water and 
another carrying water solely for fire fighting, the latter is paid for 
entirely out of the general tax levy, i.e., assessed wholly against real 
estate. This appears reasonable because it furnishes water for the 
protection of real estate. If the reasoning behind this is just, it would 
seem logical to state that the cost of mains in sizes greater than those 
adequate for domestic use should, in some manner, be supported by a 
charge against real estate. The dual functions of a water department 
have resulted in the confusion of practice as to the proper pocket to 
dip into to finance extensions. 

Municipally-operated water works zre owned by the taxpayers, 
but financial set-ups many times place an unfair burden on the water 
taker. Many works were originated as private companies by citizens 
who were far-sighted enough to realize the need of a community enter- 
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prise to supply water for domestic and industrial purposes and for 
fire protection. Later, when the city or town acquired ownership of 
the plant, bonds were issued in payment to the stockholders of the 
company. It has been considered good practice that the cost of 
redeeming the bonds be paid from the proceeds of the real estate tax, 
i.e., by the taxpayer, while the interest on them often comes from 
water department revenue or the water taker. It is the opinion of 
many concerned with the water works rate-making that, general prac- 
tice to the contrary, that part of a water system which provides water 
for fighting fires should be financed in its first cost and perhaps its 
maintenance by assessment against the property it protects and not 
by water takers. 

How to separate the cost fairly between real estate owner and 
water taker is the problem. In some cities and towns any surplus 
water revenue is placed in the general funds and is spent for other 
municipal needs, such as road building and sewer construction. In 
others any water deficit is made up out of the general tax levy. These 
practices are unfair, because in the first case the water taker pays 
in his rates for some separate municipal function; while in the latter 
case, the rates are not sufficiently high to support the service for which 
the consumer pays. 

A water department should be self-supporting, and its surplus 
revenue should be reserved for water department uses. Only in this 
way can there be assurance that the water taker, in the rates he 
pays, supports completely and only the department which supplies 
him with water. 

However, as mentioned before, a part of the function of water 
works is to supply water for fire fighting, and the support of this 
part of the plant is one that should be borne by the owner of real 
estate rather than the water consumer. Recognition of this fact is 
taken by municipalities and in several different ways: (1) a charge 
for hydrant rental; (2) a charge based on the pipe mileage; and 
(3) the so-called “inch-foot” charge. 

Simple hydrant rental is by far the most commonly used, and it 
would seem that if any change were made from that method with the 
idea of recognizing the fairness of a contribution to water works by 
the real estate tax payer, the second plan might be skipped in favor of 
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the inch-foot basis. The last mentioned method is probably the 
fairest, because it credits the large mains that are needed for fire 
fighting in some districts. 

With the idea of learning something about the general practice 
followed in this section of the country questionnaires were mailed to 
a number of cities and towns in New England including both munici- 
pally and privately operated plants. The questionnaires returned 
indicate widespread differences in policy. 

There was an even division as to whether there should be any 
distinction regarding means of financing improvements to the system 
and installations in new developments. In most cases where the 
city or town is not undergoing rapid growth, mains appear to be 
financed from income, but bond issues are the popular means of 
obtaining funds for this work. In three instances, developers share 
the expense of new mains. In one case, half of the cost and in 
another three-fourths of the cost (both based on an eight-inch main) 
are paid by the real estate developer. A charge of $1.00 per front 
foot is made in the third instance. 

Under the guarantee plan, which is most commonly used, a water 
works requires revenue from an installation, rather than a contribution 
toward the capital cost. The income expected varies from 4% to 
10% for periods ranging from five to ten years. In only two of the 
towns heard from was any deposit required that would guarantee 
the necessary income. In one town guarantees are not expected for 
accepted roads. Private companies seem willing to extend a main 
100 ft. for each new customer and enforce the guarantee plan for 
longer distances. Although cities and towns are paying bond interest 
of about one-third the rates existing ten years ago, no reductions 
have been made in revenue required under the guarantee plan. 

It is interesting to note that with two exceptions all departments 
were satisfied with their present methods. Each city or town has its 
individual problem and its own method of meeting it. It is not easy, 
and perhaps, in my opinion, not correct, to set up one made-to- 
measure plan that will fit every case. For example, in Milton, Mass., 
with a population of 20,000, 95 miles of main, and 5,200 services, 
for the past 17 years most of our extensions have been financed by 
selling bonds, although in many years sums varying up to $50,000 
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have been contributed from revenue or surplus, when such sums were 
available. During this period, which was initiated by a vote of the 
town putting its water department on a strictly self-supporting basis, 
both the bond interest and retirement have been paid by the Depart- 
nent from its funds. 

This placed a rather heavy burden on our dollar resources and it 
was necessary to provide additional sources of revenue, particularly 
because, due to rapid growth of the town in localities that were not 
well-supported with large mains, a heavy program of reinforcements 
and improvements was inaugurated, in addition to extensions in new 
developments. 

The reinforcing installations that produce no revenue, were 
made almost entirely for increasing the quantity of water available 
for firefighting and prevented a sizeable increase in fire insurance 
premiums. Milton, being almost completely residential, had sufficient 
water for domestic needs, but the supply was inadequate to meet 
the requirements of modern fire demands. It was, therefore, apparent 
that the expense of financing the improvements should be borne 
principally by the taxpayer, rather than the water taker. By agree- 
ment, then, the town agreed to raise in its general tax levy a sum 
sufficient to contribute to water department funds annually, $35 per 
hydrant, which would pay the greater part of the carrying charges 
of bonds issued to finance the new mains. By this means, the real 
estate tax bears its share of the burden. 

To further relieve the water taker, the Commissioners changed 
the method of billing for service connections that are made by the 
Department employees. Now the entire cost of a service, from main 
to meter is billed at cost plus 25% and the cost of the meter is added. 
This was rather humorously called, by one of the Water Commis- 
sioners, ‘‘newcomer’s initiation fee as a Milton resident.” 

As most new services are in newly-developed property, the Board 
feels it is sufficiently recompensed by requiring a return of 6% for 
6 years on the actual cost of installation of mains on a basis of a 6-in. 
pipe. A cash deposit of one-third the cost is made in a local savings 
bank to the order of the Department. 

Our records in Milton show that in the 40 most recent installa- 
tions made in new developments, one-third returned the required 
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income at the end of the first year, two-thirds were satisfying our 
demands at the end of two years, and at the end of three years 85% 
were producing sufficient revenue. 

We are not satisfied that this is being handled correctly in 
Milton, but we do believe that through the charges for hydrant rental 
and service installation the owner of real estate and the developer 
are sharing in the cost of mains laid to improve fire protection and in 
the financing of mains extended into new developments. 

Some day, legislation may provide for: taxation of water works 
plant; setting up depreciation reserves; charges in the general tax 
levy for that part of plant required for fire protection; and assessment 
against abutting property as a betterment of mains laid in new 
developments. But until some or all of these idealistic measures are 
made into law we must use the tools we have in the way we know best 
to use them for our individual needs. 


DIscUSSION 


WILLIAM W. BrusH.* You may be interested in what New York 


does. We have the 100-ft. basis for extensions for one family, the 
length needed to cross a street intersection not being included. No 
money is put up by the property owner. The main is paid for by money 
secured through a bond issue. Beyond the distance to which the city 
will extend the main at the city’s cost, the pipe becomes a private 
extension paid for by the owner. The private portion of the line is 
made of whatever size the owner desires but the work is done under 
Department inspection. Usually a small pipe, 2-in. or smaller, is laid. 
New York City has the additional revenue from an increase in 
the assessment on lots after a main is installed in front of such lots. 
This tax revenue does not come to the Water Department but pays 
for quite a considerable portion of the extension. I believe that the 
municipality is rather naturally inclined to carry on this work without 
expecting an adequate direct return on the cost of the extension. 
Private companies have a much sounder policy in making exten- 
sions, because an adequate return must be secured in fairness to the 
customers and stock holders. I would much rather be in the position 


*Editor, Water Works Engineering, New York, N. Y. 
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of the private company. On the other hand, I do believe that the 
majority of the municipal systems are not really doing anything unfair. 
They may put a little greater burden on the old water consumer, but 
it is not very serious and balances up fairly well. 

In New York, no taxes are paid on the water property within the 
city limits, and the city pays nothing for the hydrants. When I was 
in the New York Department, there were about 75,000 hydrants, and 
assuming thirty dollars a hydrant as a fair annual charge for fire pro- 
tection, the annual rental would be about $2,500,000. The annual tax 
on the water property in the city limits would be certainly around 
$2,000,000 or $3,000,000 so that there would be a pretty fair offset 
one against the other. 

I am inclined to think that it would be very desirable to have set 
up clearly, what is an equitable method of handling extensions for 
municipally owned water plants. The probabilities are that very few 
of the communities would change from what they have been doing, 
because, after all, the consumers in the past years have been served 
on the basis of what is the practice, and to change it is likely to create 
as much unfairness, or more, than to continue the existing practice. 

I have been rather inclined to the view that a 6-in. main is pretty 
large for domestic service. After all, the consumer theoretically should 
pay only for domestic service. If he is a property owner, he should 
be paying for fire protection separately. Actually, he may be paying 
either more or less than he should, but nevertheless I believe that 
basically all that the consumer should pay for is the size pipe required 
for domestic service. 

In dealing with private water companies operating in New York 
City, we have taken as the basis for determining the amount to be 
paid for fire hydrant rental, the difference in cost between the water 
system as installed and the system that would be required to give only 
adequate domestic service and provide capacity for domestic service for 
a five-year period beyond the time under consideration. Then the cost 
for the remaining part of the system that is useful and used for fire 
protection is chargeable to fire protection. 

Upon that basis, we compute the interest, depreciation, main- 
tenance, and operation charges to be allowed for fire protection, and, 
in that way determine the hydrant rental. It seems to me that a 6-in. 
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pipe is a rather liberal size when one is determining what the consumer 
as such should pay. There is such a close intertwining of fire protec- 
tion and the domestic supply that I think the 6-in main has become 
so generally used that perhaps we should not quarrel with its use as a 
size for domestic use. 


Dona.p C. CALDERWooD.* Speaking for a private company, we 
are subject to the control of the Public Service Commission of the 
State of New Hampshire, and the rule under which we operate allows 
us to extend our distribution system 100 ft. to meet each new customer 
without any extension charge. For example, if there were three cus- 
tomers on a new extension 500 ft. long, the total allowance of “free” 
pipe would be 300 ft., and the customers would divide equally among 
them an annual “investment charge of 6% based on the actual con- 
struction cost of 200 ft.,—that is, 6% of the total construction cost 
after an allowance of 100 ft. per customer is made. This “investment 
charge” exists for five years and is in addition to the regular scheduled 
rates. Subsequently, should another customer connect to this partic- 
ular extension, the investment charge would be recomputed making 
an allowance of 100 ft. of pipe for the new customer and dividing the 
remaining “investment charge” among the four customers for the 
remaining portion of the original five-year period. 

We have a definite obligation to serve the people, and they con- 
sider that we are charging them for something they are not getting 
when they have to pay this investment charge. Of course we have a 
different viewpoint of the matter, but they figure that because they are 
only a few hundred feet beyond the other fellow, on the same street, 
and in the same ward as he they should pay the same water bill as he. 
They do not realize that you made the additional expenditure just for 
them. 

Since the return of only 6% based on the construction cost is very 
low, we have a provision in the rules whereby, if the extension is 
unusually long or where the cost of construction is unusually high, 
we may ask the Public Service Commission to establish a new annual 
investment charge and a new duration of the guarantee period for that 
particular case. A record of all guaranteed extensions has to be filed 


*Pennichuck Water Works, Nashua, N. H. 


= 


144 FINANCING WATER MAINS. 


with the Public Service Commission. They will allow us to shut off 
or discontinue the water if the payments are not made. This carries 
through for the additional owners, should there be any transfer of the 
property during the five-year guarantee period. 

I am a little surprised to hear that practically everyone bases his 
charge on a 6-in. main, particularly where fire protection is concerned. 
I thought that in these days of thousand-gallon pumpers the National 
Board of Fire Underwriters and other inspection bureaus would not 
approve of mains less than 8 in. in diameter. With few exceptions, 
we have used nothing smaller than 8-in. pipe for the last eight to 
ten years. 

After all, the difference between the installed cost of 6-in. and 
8-in. mains is not great. It just so happened that in most of the 
extensions that we have recently made, the fire commissioners have 
seen fit to order a hydrant placed either at the end of, or near the end 
of, the extension. The customer in each instance gets the benefit of 
the rental from the hydrant, and it has worked out to his advantage 
to have the hydrant on the extension not only from the standpoint of 
the insurance rate but also from a financial standpoint of reducing his 
annual investment charge. 


THEODORE L. Bristou.* I represent a private Water Company 
in Connecticut. Fire protection is paid for by the City at the rate of 
9.2 mills per inch-foot and $10.00 per hydrant per year. By inch-foot 
is meant the product of the length of main in feet and its diameter in 
inches, e.g., a 6-in. main has 6 inch-feet per foot. It is our opinion 
that nothing less than a 6-in. main should be installed. An 8-in. main 
for fire protection is preferable in most situations as a minimum. 

Our extensions are based on a 10% return per annum for a period 
of 20 years on the cost. Whatever the city pays us for fire protection 
per year is taken out of the 10% and the balance charged to the 
subscribers. We base our charges on the cost of a 6-in. main and put 
in larger pipe if we think it may be required. 

F. R. Berry, Engineer, American Water Works and Electric Co., 
New York, has an article in the Journal of the A.W.W.A., Vol. 33, 
p. 1041 (1941), in which he states that a return of 25% is necessary. 
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He also gives the rules adopted by the regulating bodies of the states 
of New Jersey and New York. L. A. Jackson, Manager, Municipal 
Water Works, Little Rock, Ark., has papers published in the Journal 
of the A.W.W.A., Vol. 30, p. 1 (1938) and Vol. 33 p. 1357 (1941), 
on “Financing Water Main Extensions,” which are worth reading. 

My own idea about returns is that one should get the average of 
the gross revenue received divided by fixed capital, plus say 5% for 
the hazard of a new extension and the fact that the average, in cases 
where water is sold to industry at low rates, would be too low for 
residential extensions, e.g., if a gross revenue of $150,000 is divided 
by a fixed capital of say $1,000,000, the average would be 15%, to 
which 5% should be added for the hazard, etc., which would make a 
return required of 20%. 


GrorcE C. BrEHM.* I don’t know whether you recall that back 
in 1927 an act was introduced through the New England Water Works 
Association for the betterment of water mains. We got along very well 
with the Committee on Municipal Finance, but Mr. Waddell’s office 
did not seem to favor betterment assessments in any form. He is very 
much opposed to betterments of all kinds, because they have been, in 
a great many cases, abused. I was chairman of that committee, and 
we just couldn’t get to first base on betterments. Personally I think 
that the betterment assessment is the way to do it. I recall that when 
I was a city engineer, some person at the end of a street might possibly 
want 1000 or 1500 ft. of main extension and was willing to sign up a 
guaranty. We would go ahead and put in the water main. The houses 
would be very much scattered on the street; there might be three or 
four houses in a thousand feet. Persons owning vacant lots would sit 
back, and the minute the water main was in they would start building 
and selling lots. It is my opinion that the betterment assessment is 
the proper and fair way to collect for the improvement of the property 
that comes with the installation of a water main. 

In reference to fire protection, we had in Amherst a 3-in. main 
that came down from an original old spring-water line, laid in 1860, 
and fed about thirty families very satisfactorily so far as domestic 
supply was concerned. We had some fire-flow tests made three or four 
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years ago, and we found out that we did not have enough water down 
in the center of the town so that we had to relay a little over a mile 
of that 3-in. pipe with 12-in. pipe, purely for fire protection purposes. 
I agree with Mr. Melley, therefore, when he says that there certainly 
is a very definite charge for fire protection that should be paid for 
as such in some form. 


J. E. Grsson.* If you analyze your capital investments you can 
classify them under two heads: distribution system and water supply. 
The latter, of course, includes the cost of obtaining water. The dis- 
tribution system includes supply mains, distribution mains, valves, 
hydrants, etc. You will find that there is some relationship between 
the cost of the water supply system and the distribution system. This 
ratio may run as low as 25 per cent for the distribution system to 
75 per cent for the water supply. That is to say, as a minimum, the 
distribution system capitalization amounts to about 25 per cent of the 
total and the water supply will run as high as 75 per cent of the total; 
therefore it will be seen that for every dollar invested in distribution 
system there must be a further sum of money, amounting in extreme 
cases to as much at $3, invested for water supply, pumping equip- 
ment, etc. If you figure that 6 per cent is the minimum return you 
must obtain on the distribution system, then you must obtain an 
additional 6 per cent on another $3 invested in the water supply end 
of the plant, or a total of 24 per cent required to meet actual expenses 
on the dollar invested in the distribution system. This may not be 
immediate but it will have to be met ultimately, and there is no virtue 
in deceiving ourselves. I think 25 per cent and 75 per cent possibly 
an extreme case. At Charleston we are located on the coastal plain, 
and salt water contamination extends back a number of miles from the 
coast line. Therefore, to obtain an adequate water supply it is 
necessary to go a long distance to get above salt water contamination; 
or to dam a salt water stream and allow the storage basin formed 
thereby to freshen from the inflow. In any case, the development of 
a water supply is an expensive undertaking, so we figure that the cost 
of obtaining a satisfactory water supply, together with a treating plant, 
pumping station, etc., runs about three times the cost of an ordinary 
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distribution system. We have therefore capitalized our money ex- 
pended in the distribution system at 25 per cent, or in other words, we 
require a return of four to one. 

Our procedure with the real estate promoters is to require that they 
pay for the total cost of the mains, valves, and hydrants, on 6-in. size 
main. Our Commission assumes all cost in excess of 6-in. size main, 
and maintains the lines laid under these contracts in perpetuity. They 
reserve the right to enlarge and extend the mains laid under these 
contracts without in any way vitiating the contract. Then for each 
service that is connected to these mains for water supply we return 
a certain sum of money, based upon the size of the tap made. These 
returns are as follows: 


Size of Service—In. Return 
$ 40.00 

1 70.00 

1% 170.00 
2 


350.00 


This return is based upon the minimum annual guarantee made 
the department for the respective sized services, and of course should 
the consumer use more water than the minimum allowed, the water 
department stands to earn a little bit larger return; but usually this 
is not the case, as most of these developments are made for residential 
purposes and our rates are such that the ordinary family has sufficient 
water under our minimum allowance. 

If a municipal or political subdivision contracts for hydrants then 
we made the real estate development a further return, amounting to 
approximately $85.00 for each hydrant connected. 

These contracts run for a period of 15 years but refund is made 
only once for each tap connected and only then when the department 
is reasonably assured of a continuing consumer of water. 


CHAIRMAN Esty. Do you know offhand what the difference in 
construction cost might be between materials at Charleston and costs 
in New England, where we have to go down 5 or 6 ft.; I suppose 
you use very shallow ditches. 


Mr. Grsson. Our costs for materials, so far as construction is 
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concerned, I think will run very close to what you pay for materials 
in New England. For instance, 6-in. cast-iron cement-lined pipe today 
is bringing somewhere in the neighborhood of about 90 cents a foot. 
In Charleston area we have no rock, it is sandy soil, and our worst 
enemy is ground water. Where we lay 6-in. pipe, the labor cost is 
somewhere in the neighborhood of about 16 cents a foot, based upon 
a 30-in. cover, or 3-ft. depth of trench. We use very little sheeting. 
But occasionally we have to go deeper to avoid sewers and other sub- 
surface constructions. Here the cost jumps rapidly due to ground 
water conditions and running sand. The price of 16 cents per foot 
is based on what is locally known as task work—that is to say, we pay 
at the present time 30c per hour for labor, working nine hours per day. 
We will guarantee to the laborer a full day’s wage of $2.70, but if for 
any reason the gang will exceed what we consider a reasonable day’s 
work we pay them a bonus based upon the total number of feet of pipe 
laid. If these men are expert diggers they can readily earn about $3.60 
per day, or 40 cents per hour, and we have had gangs that would do 
much better than this. There is one other particular advantage in this 
method of pipe laying and that is, that if you have an efficient gang 
of men and a slacker develops in the crowd, the other men will run 
him off the job and you do not have to fire him. In other words, if they 
are all willing to put out they can earn a good bonus and generally 
they do. 

Before we extend a main, we make a contract, and we don’t put 
a spade in the ground until the money is on the barrel head. Now, if 
the extension costs less than our estimate we return the difference 
immediately. The contract runs for a period of fifteen years. If 
enough water consumers are connected during the first year of develop- 
ment then the real estate developer will get the entire cost of the de- 
velopment back immediately; however, if an insufficient number of 
customers is obtained during the period of the contract, fifteen years, 
he is just out of luck. However what the real estate promoter does 
is to first purchase the land, make division into lots, and come to the 
water department and ask for an estimate of the cost of water mains 
to supply the development. He usually wants to be sure that our 
estimates are correct as he expects to add the cost of the extension to 
the property and then divide it by the number of lots available, so in 
reality the real estate promoter includes the price of water supply in 
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the price of his lot, and then when the lot owner signs up for water 
and becomes a customer of the water department, the promoter gets 
a further return, which may, if he is lucky, amount to double the cost 
of the water supply system. 


FRANK Girrorp. Has anybody had any experience with legiti- 
mate takers—by that I mean people who have been outside of the 
system a number of years, perhaps on wells, and twenty or thirty of 
them now want water? 


Mr. Grsson. Well, a number of people on a street will get to- 
gether and agree to sign up a regular form of contract for water. We 
are willing to expend $40 for each customer to lay the main; however 
should the cost of the extension exceed this amount, then we ask the 
customers to put up sufficient money to make up the difference, 7.c., if 
there are 10 parties involved and the cost of the main is only $400, 
then they do not have to put up anything. However, if the cost of 
the main is $500, they each have to put up $10, and this is not returned 
to them unless there are vacant lots within the limits and people in the 
future join, when we return to each original depositer a prorated 
amount, or in the case of ten, $4 each, until such time as he gets all of 
his money back and this must occur within a period of fifteen years. 
This however, does not include any service cost and each individual 
customer pays for his own service from the main to the property line, 
and the water department maintains this service in perpetuity. 

I think we have in force some fifty contracts under this form of 
agreement, and I think about one-third of them have been paid out in 
less than five years. Another third have got their money back in from 
ten to twelve years. That leaves about one-third who will never get 
their money back. 


LELAND G. CaRLTON.* For many years the City of Springfield 
has made all of its main extensions on the guaranteed revenue basis, 
the only exceptions being three WPA projects that were recently 
completed, and some extensions that had to be made for the improve- 
ment of the distribution system. Formerly the petitioner or petition- 
ers for the extension were required to sign an agreement whereby, if 
the City laid the pipe, it would receive annually a revenue of $20 
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for each one hundred feet of pipe laid. The signatures were witnessed, 
which made the agreement a promissory note collectable up to twenty 
years. The $20 rate was originally selected to provide a certain per- 
centage of return on the cost of laying one hundred feet of 6 inch 
main. However, the City reserved the right to designate the size of 
main, without altering the amount of the guarantee. Collection of the 
guaranteed revenues was not always easy, so when an amendment to 
the water lien law which provided a possibility of changing the old 
form of petition for a more satisfactory one, was passed about two 
years ago, advantage was taken of this amendment. With the new 
form of petition the guaranteed revenue per one hundred feet is the 
same, the bills are rendered quarterly instead of annually, and a peti- 
tioner can subdivide his total guarantee, placing definite portions of 
it against as many lots on the extension as he owns, provided that 
the sum of all the portions equals the total guarantee required. The 
new petition also provides that the obligation assumed by the original 
petitioner be passed on to a new owner, and inasmuch as the obliga- 
tion is placed against the property, it may become a lien if not paid. 
One unfortunate feature of the new petition is that it does not have to 
be recorded and consequently a new owner may not know that he 
has assumed an additional obligation. However, little trouble has 
been experienced in making the collections. All revenue received from 
services connected to an extension, whether paid by the original 
petitioner or by someone else, is credited to the petition for the 
extension, and each extension is a contract by itself and receives no 
benefit from any further extension. 


CHAIRMAN Esty. There is one other thing that came to my 
mind cn the extensions. For instance, on this guaranty, you extend 
a pipe line 300 feet for one customer. Then somebody else wants 
an extension of another 100 feet. Your requirements would be three 
times as great for the first one as for the second. How is that 


handled. 


Mr. Cartton. The minimum rate for a single house is $8.00 
a year which would automatically guarantee for forty feet of exten- 
sion, and as the minimum rate is usually exceeded, it has become 
customary to lay fifty feet of extension without a guaranteed revenue 
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petition. This amount will usually provide for an additional house 
on each side of the street. 


CHAIRMAN Esty. But it was through the efforts of the first 
one that the extension was made. 


Mr. CarttTon. That is true. 
CHAIRMAN Esty. But he has to pay three times as much money. 


Mr. Cartton. Each one is a separate contract. Just as soon 
as other takers are connected to the first 300 feet the revenue received 
from them is applied towards the $60 guarantee, and as soon as $60 
a year is received from this extension, the contract is cancelled. 

It would seem as though the most equitable basis of laying a 
water main extension would be by the betterment method, where 
assessments could be made against each lot that franted on the ex- 
tension. This method was considered in Springfield some time ago. 
The city has the right, under a special legislative act, to assess better- 
ments for the building of sidewalks, curbings, pavements, etc., but 
net for the laying of main pipe extensions. The Water Board could 
work under the betterment system on private streets, since it has the 
authority to take rights of way. However, in a public street the land 
already stands in the name of the city, and as the Water Works is a 
part of the city, no taking can be made. Consequently, a bill was 
introduced in the legislature, which would grant the Water Works 
the privilege of making all extensions on the betterment system. The 
bill came up for hearings with no apparent opposition. One suggestion 
was made that the bill become a general act rather than a special 
act for Springfield. This suggestion was acceptable to Springfield. 
However, that was the last that was ever heard of the bill. 
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COOPERATIVE GROUND-WATER INVESTIGATION 
IN MASSACHUSETTS? 


BY M. L. BRASHEARS, JR.? 


[Read September 25, 1941.] 


In 1938, the U. S. Geological Survey, in codperation with the 
Massachusetts Department of Public Works, began an investigation of 
the ground-water resources of Massachusetts. This work is a part of 
a larger codperative program that also involves geologic studies and 
topographic mapping. The chief purpose of the ground-water in- 
vestigation has been to secure detailed information concerning 
the occurrence and availability of ground water in the state. Such 
data will provide a basis for the more effective utilization of the 
ground-water resources of the state. The studies will doubtless indi- 
cate areas where additional ground-water developments can safely 
be made and other areas where present developments are already 
excessive. Because the funds available at the start of the investiga- 
tion were relatively small, only a part of the state could be studied 
each year. It was planned, therefore, to continue the work from year 
to year until the entire state had been covered. During 1939, the 
appropriation for this work was reduced, and the scope of the work 
had to be curtailed considerably. 

The field work that forms the basis of the investigation consists 
chiefly of an inventory of existing wells and the collection of related 
information pertaining to ground-water conditions. Many of the well 
data were obtained from statements and records of well owners, and 
well logs were furnished by well drillers. Measurements of ground- 
water levels and observations of ground-water conditions were made 
at the time each well was visited. Officials of public water-supply 
systems utilizing ground water, and private well owners, both indus- 
trial and domestic, were interviewed. In each township that was 
covered, most of the domestic wells and all of the wells that were 
known to yield considerable quantities of water were visited. The 


1Ppublished with the approval of the Director, U. S. we Survey. 
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well records that have been collected include data pertaining to well 
logs, well construction, water-bearing formations, depth to bed-rock, 
depth of well, yield, ground-water level, etc. The location of each well 
was plotted on a topographic map at the time the well was visited. 

In Massachusetts, as in other glaciated regions of the United 
States, many of the larger ground-water supplies are obtained from 
deposits of sand and gravel that occur in pre-glacial bedrock valleys. 
In some parts of the United States, these buried valleys contain several 
hundred feet of glacial outwash, but in Massachusetts the valley filling 
is commonly not so thick. In many places, the glacial outwash is highly 
water-bearing. The location and configuration of some of these buried 
valleys is not readily apparent. In order to utilize effectively the 
ground-water resources of such an area, the extent of the buried valleys 
must be determined. 

In Massachusetts, a number of buried valleys are known to exist 
from which considerable quantities of ground water are withdrawn. 
At the start of the ground-water investigation it seemed desirable to 
begin work in one of these areas. Accordingly, field work was begun 
in the Lowell area in October 1938. The average withdrawal of ground- 
water in this area is estimated to be somewhat less than 7 m.g.d., of 
which more than 5 m.g.d. is for public supply. Field work was started 
in the Aberjona Valley area in August 1939. The average withdrawal 
in this area is estimated to be about 5.5 m.g.d., of which about 2 m.g.d. 
is for public supply. To date, field work has been done in 30 townships 
in these two areas, and records of about 1,000 wells have been obtained. 
The inventory of wells has been completed in the 14 townships shown 
in Figure 1. 

Weekly measurements of ground-water level are being made in 
the Lowell and Aberjona Valley areas chiefly for the purpose of estab- 
lishing the relation between ground-water levels and pumping. These 
observations were first made during the summer of 1939. At present, 
measurements are being made in 35 wells in Middlesex County and 2 
wells in Worcester County. Automatic water-stage recorders are oper- 
ated on three of these wells. The measurements of ground-water level 
are published annually in Water-Supply Papers of the Geological 
Survey. Records not yet published may be consulted at the office of 
the Geological Survey in Jamaica, New York. Figure 2 shows the 
average monthly ground-water level in three groups of wells in Middle- 
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sex County. The monthly averages are based on measurements made 
near the end of each month and have been obtained by expressing 
measurements for each well in feet above a zero datum, arbitrarily 
chosen for each well. The zero datum was chosen 10 ft. below the 
water level in each of the wells at Lowell on November 28, 1939, and 
in each of the wells in Aberjona Valley on December 1, 1939. Thus, 
on these dates all the wells being measured at that time had a stage 
10 feet above the zero datum. A number of observation wells were 
added to the water-level program after December 1939. When a meas- 
urement in a new well is added to the average, the water level in the 
new well is assigned a value equal to the average water level in all 
other wells in that group on that date. 
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For most of the period of record, the graphs of average water level 
for the Lowell and Aberjona Valley areas are based on measurements 
in 9 wells in each area. Most of these wells are screened in the heavily 
pumped stratified sand and gravel. At present, the graph of average 
water level for the upland area is based on measurements in 16 wells, 
of which 2 are in Lowell, 9 in the Aberjona Valley, and 5 in Wilming- 
ton. Most of these wells are in the higher parts of the region and end 
in more or less unstratified sandy clay. The withdrawal of ground 
water in the upland areas is relatively small. 

The relation between average ground-water level and precipita- 
tion is shown in Figure 2. The graph of precipitation shows the cumu- 
lative departure from average monthly precipitation at Boston. The 
average monthly precipitation for the preceding ten years was used 
in determining the departures each month. The available records 
of water level cover too short a period to warrant definite conclusions 
concerning the general trend of ground-water levels. However, a com- 
parison of the graphs indicates a general relation between the trends 
of precipitation and water level. It will be noted that the general trend 
of precipitation is downward during the period covered. This doubt- 
less is the chief reason why the highest points on the average water- 
level graphs in 1941 are lower than the highest points in 1940. It 
will also be noted that during the fall of 1941 the average water level 
in the two heavily pumped areas is at the lowest stage since the start 
of record. Figure 2 shows that the annual range of average water level 
in the upland area is somewhat greater than that shown by the lowland 
wells in the Lowell and Aberjona Valley areas, a feature that is prob- 
ably the result of differences in physical properties of water-bearing 
materials. The changes in stage of average water level in the two 
lowland areas are in part the result of heavy pumping. The relation 
between ground-water levels, precipitation, and pumping will be more 
evident as more records become available. 
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COOPERATIVE GROUND-WATER INVESTIGATION IN 
CONNECTICUT" 


BY JOHN G. FERRIS? 


[Read September 25, 1941.] 


For many years the ground-water resources of Connecticut have 
been utilized for domestic, industrial, and public supplies. The need for 
information as to the ground-water conditions in the State resulted 
in a number of early investigations and the publication of more than 
ten reports during the period 1903 to 1929. These studies were carried 
on as codperative investigations by the Federal and State Geological 
Surveys. Many of the larger industrial supplies were developed in the 
coastal areas where there was a possibility that salt-water intrusion 
would take place as a result of the pumping. In 1919, a detailed 
investigation of the ground-water resources of the New Haven area 
indicated that local over-pumping had resulted in salt-water intrusion.* 

An investigation of the ground-water conditions in Connecticut 
was started in October 1934, as a project of the Federal Relief Admin- 
istration (replaced by the Works Progress Administration in 1935), 
under the sponsorship of the State Planning Board and the State Water 
Commission, and under the technical direction of the U. S. Geological 
Survey. The results of an inventory of wells and springs and a tabula- 
tion of periodic measurements of water levels in selected wells, collected 
through December 1937, were published in November 1938, as bulle- 
tins GW-1 to GW-6 of the Works Progress Administration for Connec- 
ticut. This work indicated that conditions in the coastal areas were 
more critical than in 1919. Moreover, it seemed likely that further 
over-development would take place with the rapid increase in the 
use of ground water for air-conditioning. These conditions indicated 
the desirability of starting a systematic program of collecting basic 
data that would show the trend of over-development. In 1939, it 


1Published with the approval of the Director, U. S. Geological Survey. 

2Assistant Engineer, U. S. Geological Survey. 

3Brown, J. S., A study of coastal ground water, with special reference to Connecticut: U. S. Geol. 
Survey Water-Supply Paper 537, p. 41, 1925. 

Brown, J. S., Ground water in the New Haven area, Connecticut: U. S. Geol. Survey Water-Supply 


Paper 540, pp. 102-103, 1928. 
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became necessary to curtail the work being carried on by the Works 
Progress Administration. Accordingly, cooperation between the U. S. 
Geological Survey and the Connecticut State Water Commission was 
arranged for the purpose of following the effects of pumping in the 
more highly developed areas. This codperative investigation, which is 
still in progress, thus far has been confined chiefly to the New Haven 
area. 

The coastal areas of Connecticut are underlain by bedrock which, 
in most places, is covered with a thin mantle of glacial till and strati- 
fied drift. These glacial deposits are the chief source of ground water 
in the coastal areas. The ground-water conditions in New Haven, the 
largest city on the south shore of Connecticut, may be considered as 
generally representative of. the ground-water conditions along the 
coast, although the total draft in New Haven is probably greater than 
in other coastal towns. 

The city of New Haven, covering an area of 22.3 sq. miles, occu- 
pies a horseshoe-shaped lowland, less than 70 ft. above sea level, which 
opens to the south on Long Island Sound. The West, Mill, and Quinni- 
piac Rivers flow through the town and discharge into New Haven Bay. 
Near the mouths of these streams, on the floor of the bay, are deposits 
of impervious mud as much as 35 ft. thick. These deposits extend up 
the valleys and along the shore as far as the high tide line. Nearly all 
of New Haven is underlain by Triassic sandstone, which is covered 
by stratified glacial drift in two-thirds of the area and by till in the 
other portion. Although the maximum thickness of the stratified drift 
is unknown, a well drilled in the south-central part of the city, about 
1200 ft. inland, was reported to have penetrated 264 ft. of the drift 
before reaching bedrock. Ground water in the till and stratified drift 
of this area occurs under water-table or unconfined conditions except 
in the vicinity of New Haven Bay and in the river valleys, where 
deposits of mud act as a confining layer to produce artesian conditions. 

Manufacturing is the chief industry in New Haven, and most of 
the industrial plants are located within an area less than a mile in 
diameter at the mouth of the Mill River. More than 100 industrial 
plants in the city use ground water for such purposes as refrigeration, 
ice and beer making, acid pickle, paper pulp manufacture, and air 
conditioning. The average daily withdrawal of ground water for these 
uses is somewhat less than four million gallons. Prior to 1924, about 
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90 per cent of the ground water pumped annually was derived from 
gangs of shallow, driven wells, three inches or less in diameter. Ac- 
cording to reports, the yield of 3-in. wells in New Haven ranges from 
about 10 g.p.m. to more than 100 g.p.m. In 1924, large-diameter, 
gravel-pack wells were installed at some plants to replace the older 
wells, and by 1940, more than half of the total withdrawal was derived 
from gravel-pack wells. The yield of gravel-pack wells in this area 
ranges from about 70 to 550 g.p.m. with yields per foot of draw-down 
ranging from less than 4 g.p.m. to about 24 g.p.m. 

In Figure 1, New Haven has been divided into four areas based 
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on the chief use of ground water in each area. These areas, although 
somewhat arbitrary, constitute a convenient division for the purpose 
of pumpage inventory, ground-water level observations, and chloride 
sampling. The “residential area” comprises the north upland part of 
the town, where there are relatively few wells, most of which have 
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only small capacity. However, at widely separated locations in this 
area, there are a few industrial plants that pump considerable water. 
The “air-conditioning area” includes the business section, in which 
theaters, stores, restaurants, etc. use ground water for air condition- 
ing. The “cold-storage area” extends along State Street from Colum- 
bus Avenue to Grand Avenue. In this area, ground water is used 
chiefly for refrigeration in storing meat and dairy products. The 
‘industrial area” is in the vicinity of the West and Mill rivers, where 
ground water is used chiefly for manufacturing purposes. 

At the present time, water-level measurements are being made 
each week in 24 observation wells, one of which is equipped with an 
automatic water-stage recorder. These records are published annually 
in Water-Supply Papers of the Geological Survey. Unpublished rec- 
ords are on file in the following offices: U. S. Geological Survey in 
Washington, D. C., Hartford, Conn., and Jamaica, N. Y.; Connecticut 
State Water Commission, Hartford, Conn.; New Haven Department 
of Health, New Haven, Conn.; and New Haven Department of Public 
Works, New Haven, Conn. The measurements are made from clearly 
marked, substantial points at or near the top of the well, such as top 
of casing, top of coupling, or top of recorder shelf. Instrumental levels 
have been run to each well to determine the altitude of the measuring 
point above mean sea level. Sixteen of the observation wells are driven 
wells ranging from 114 to 3 in. in diameter, 6 are drilled wells ranging 
from 5 to 8 in. in diameter, and 2 are dug wells ranging from 30 to 
120 in. in diameter. Twenty-two of the wells are screened in stratified 
glacial drift, and the other two end in bedrock. These wells are located 
as follows: 5 in the residential area, 4 in the air-conditioning area, 
3 in the cold-storage area, and 12 in the industrial area. At the end 
of August 1941, water levels in the residential area ranged from about 
3 to 25 ft. above mean sea level; in the air-conditioning area from 
about 3 to 14 ft. above mean sea level; in the cold-storage area from 
about 1 to 2 ft. below mean sea level; in the industrial area (excluding 
the two bedrock wells) from about 3 ft. above mean sea level to 13 ft. 
below mean sea level. The water level in most of the industrial area is 
below mean sea level. 

Figure 2 shows the detailed fluctuations of water level in a well 
located in the western part of the industrial area. The graph has been 
traced from the recorder chart for the week May 7 to 14, 1941. The 
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well is 16 ft. deep, 10 ft. in diameter, and ends in stratified glacial 
drift. The major fluctuations shown in Figure 2 are the result of 
industrial pumping at a plant about 300 ft. from the observation well. 
This pumping produces a draw-down that is clearly recorded at this 
distance. It will be noted that during the working part of each day the 
water level declines and that recovery takes place during non-working 
periods, the longest of which is the week-end. 

Figure 3 shows the month by month relation between average water 
level, pumpage, and precipitation. The average water-level method is 
convenient in studying water-level fluctuations in a group of wells. 
The water level in each of 21 observation wells on July 28, 1939, was 
assigned an elevation of 20 ft. above an assumed zero datum at each 
well. The weekly measurements nearest the end of each month were ex- 
pressed as elevations above this assumed datum. The average water 
level for each of the four areas is the arithmetic average of the water 
levels in all wells measured in that area in terms of the assumed datum. 
From time to time, observation wells have been added or deleted as the 
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program of measurements was shifted to secure a better distribution of 
wells. In general, this had very little effect on the water-level averages. 
When a new well was added, it was assigned a value equal to the aver- 
age water level in all other wells in that area on that date. 

The cumulative departure from average monthly precipitation at 
New Haven is shown in Figure 3. The monthly average from which 
each departure was determined is based on the precipitation during the 
preceding 10 years. During the 16-month period ending September 
1941, the accumulated deficiency of precipitation was about 17 in. 
The precipitation was above average for only three months of this 
period. The unfavorable distribution and deficiency in precipitation 
are responsible, in part, for the low water levels at the present time. 
The curves of average water level in each of the areas show seasonal 
trends, generally with a high point in the spring and a low point in the 
fall. The up-trend occurs during the non-growing season, when ground- 
water recharge normally takes place and when water levels are recover- 
ing from the preceding period of heavy pumping. The down-trend 
occurs during the growing season, a period unfavorable for recharge. 
This is also the period of heavy pumping. In comparing the data shown 
in Figure 3, it should be kept in mind that the curves of average water 
level are based on measurements made near the end of each: month. 
In some instances, therefore, detailed comparisons may not be evident 
because of unequal distribution of precipitation or pumpage during 
the month preceding the date on which average water levels were 
determined. 

The fluctuations of ground-water level in the residential area are 
determined chiefly by precipitation, although changes in water level 
may result from the scattered pumpage in this area or the pumpage in 
nearby areas. During the cooling season, starting about June each 
year, water levels in the air-conditioning area are affected in large 
part by the pumping in the area as shown by the down-trend of the 
curve of the average water level in the summer of each year. The 
slight up-trend in August 1940, is probably the result of a decrease in 
pumping because of relatively cool weather during the last half of 
the month. The fluctuations of water level in the cold-storage area 
are in part the result of daily changes in rate of pumping in the area. 
The rate of pumping from day to day is determined chiefly by changes 
in air temperature. Pumping is the principal factor affecting water 
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levels in the industrial area. The up-trend of the average water-level 
curve for this area in December of each year is due to a large decrease 
in pumping during the holiday period. Most manufacturers in New 
Haven reduce their pumping greatly at this time, during factory main- 
tenance, clean-up, and materials inventory. To a less extent, a similar 
shut-down occurs during the July 4 holiday period. 

The monthly withdrawal of ground water in each of the four areas 
is shown in Figure 3. These data are based on meter records, pump 
displacement records, or estimates made by the plant engineers. The 
following table shows the pumpage in each of the four areas for 1940. 


PuMPAGE OF GROUND WATER IN NEW Haven, Conn., IN 1940 


Number Pumpage 

of Per Cent 

Area Plants M.G.D. Metered 
Residential 7 0.20 0 
Air-conditioning 25 0.32 47 
Cold-storage 16 0.62 0 
Industrial 36 257 62 
Four areas combined 84 3.71 47 


It will be noted that most of the ground water withdrawn in New 
Haven is pumped in the industrial area. About two-thirds of the 
water withdrawn in this area is pumped by five plants located along 
a stretch of the Mill River less than one mile long. More than two- 
thirds of the total draft in the cold-storage area is withdrawn by a 
single plant. Pumping for air conditioning, which is also confined to 
a small area, is rapidly increasing, although since the early part of 
1940 some water has been returned to the ground. 

In 1919, the chloride content of water from wells in the Mill River 
area indicated that salt-water encroachment had already taken place 
in this area.* Brown pointed out that further salt-water encroachment 
probably would occur if heavy pumping were continued in areas close 
to salt water. 

The results of an intensive chloride-sampling program by the 
Works Progress Administration in 1938 and 1939 provide a basis for 
comparing the differences in chloride content of ground water at eight 
plants in New Haven in 1919 and in 1939. This comparison shows 


4Brown, J. S., A study of coastal ground water with special reference to Connecticut: U. S. Geol. 
Survey Water-Supply Paper 537, p. 40, 1925. 
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that at six plants the chloride content increased and at two plants it 
decreased. At the two plants where the chloride content decreased, 
the pumpage also had decreased. Of the six plants at which the 
chloride content increased, the pumpage had increased at one plant, 
decreased at two, and was unchanged at the other three. In 1938-39, 
28 pumping plants, located within 2500 ft. of tide water, were sampled. 
Of these, 13 showed chloride contents of 100 p.p.m. or more, and five 
showed chloride contents of 200 p.p.m. or more. Ten of the 15 plants 
sampled in the cold-storage area showed chloride contents of 100 
p.p.m. or more, and two showed chlorides in excess of 200 p.p.m. 

A monthly program of collecting samples of ground water for 
chloride determination was started in the New Haven area on July 30, 
1941, with the collection of samples from 24 pumping plants. The 
determinations of the chloride content of these samples were made by 
the Connecticut State Agricultural Experiment Station, at New Haven, 
under the direction of Dr. E. M. Bailey, chemist. In addition to these 
24 samples, three samples were collected and analyzed by a plant in 
the industrial area, as a part of a systematic program of following 
the changes in chloride content of its private water supply. The range 
in chloride content in three of the areas in New Haven on July 30, 
1941, may be summarized as follows: 


No. of Samples Chloride Content (P.P.M.) 

Area Collected Lowest Highest 
Air-conditioning 2 24 34 
Cold-storage 14 14 1612 
Industrial 11 32 3025 


Of the 14 pumping plants sampled in the cold-storage area, seven 
plants showed chlorides in excess of 100 p.p.m., four of which had 
chloride contents in excess of 300 p.p.m. These four plants are all 
located in a narrow area less than 500 ft. long. The present chloride 
sampling program will provide a basis for studying the changes in 
salinity as more records become available. A comparison of the results 
so far obtained indicates in a general way that the chloride content of 
ground water in parts of New Haven has increased since 1919. 
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“RED WATER”—CAUSES AND ELIMINATION 
I. LAIRD NEWELL* 


[Read December 18, 1941.) 


The annual loss of iron and steel due to corrosion has been esti- 
mated to be approximately 2 per cent of the total tonnage in use. 
This represents a tremendous waste of materials that can be controlled 
in most instances and losses brought to an insignificant amount. 
Water works operators in particular have several methods at their 
disposal for the control of corrosion of pipe lines and equipment. 

While the first noticeable effect of corrosion of a distribution 
system may be discoloration of the water, other more insidious effects 
are also taking place which may not be so easily noted. The pitting 
of iron pipe due to corrosion may weaken the pipe until failure occurs. 
The formation of rust tubercles in the pipe may reduce the size of 
the pipe and thereby its carrying capacity. Records have shown that 
the carrying capacity of a 6-in. pipe may be reduced as much as 85 
per cent in 30 years by a corrosive water. Household plumbing sys- 
tems are frequently affected at a much greater rate. 

Two obvious methods are indicated to control this loss by cor- 
rosion. First is the use of materials that are subject to little or no 
corrosion. These materials include the copper and nickel alloys which 
are strategic war materials and not obtainable for ordinary use. The 
choice of these materials is not included in this paper. Second is the 
treatment of the water to change its characteristics and reduce its 
tendency to corrode iron and steel. 

The corrosion of iron is due to its solubility in water. This solu- 
bility increases as the acidity of the water increases and will be noted 
by low pH values of the water. The products formed when iron dis- 
solves are soluble iron (ferrous) hydroxide and hydrogen. If the 
water is free from dissolved oxygen and undisturbed, no further 
solvent action would take place due to the protective action of the 
hydrogen deposited on the metal surface. All surface waters con- 
tain dissolved oxygen, and ground waters stored in standpipes, pres- 


*The Henry Souther Engineering Co., Hartford, Conn. 
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sure tanks, or other reservoirs take up dissolved oxygen so that the 
protective hydrogen film is destroyed and the soluble iron hydroxide 
is oxidized to the insoluble (ferric) hydroxide which deposits on the 
surface of the pipe. This coating affords some protection, but it is 
unstable and a slight change in the character of the water will remove 
it, thus starting the action over again. 

In addition to dissolved oxygen, practically all natural waters 
contain some free carbon dioxide which is in the form of carbonic 
acid. Since increased amounts of free carbon dioxide lower the pH 
of the water (increase the acidity), it follows that the rate of corro- 
sion of iron in such a water would be accelerated. 

The extent or rate of corrosion of a distributing system may of 
course be noted by removal of pipe from parts of the system for 
examination. Increased friction loss may also develop, but, in general, 
if the increase in the iron content of the water in passing through the 
system exceeds 0.2 p.p.m., it is an indication of serious corrosion. 
(Red water trouble represents the most noticeable feature of cor- 
rosion. ) 

From the foregoing considerations, several methods of renneany 
or preventing corrosion are suggested. 

The removal of dissolved oxygen from the water would prevent 
corrosion if the pH of the water is above 7.0, but this is not feasible 
with public water supplies due to the high cost. It is done, however, 
in the case of private systems where expensive equipment, such as 
steam boilers, is involved. The oxygen is removed by de- aerators 
using heat or reduced pressure, or both. 

Treatment of water supplies by aeration will effectively reduce 
the free carbon dioxide content of most waters to between 3.0 and 5.0 
p.p.m. This amount of carbon dioxide would not be corrosive to iron 
or steel if the alkalinity exceeded 80 p.p.m. Therefore, such waters 
could be corrected by aeration alone. However, most New England 
surface waters are soft and relatively low in alkalinity, so that aera- 
tion alone is not a satisfactory treatment. In fact, with waters con- 
taining only a few parts of free carbon dioxide, aeration may increase 
the corrosive tendencies due to increase in the dissolved oxygen 
content. 

Chemical methods may also be employed to remove carbon di- 
oxide from the water. Lime, soda ash, or limestone are commonly 
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used for this purpose. One grain per gallon of lime will remove about 
9% p.p.m. of CO, and one grain per gallon of soda ash will remove 
about 7 p.p.m. of carbon dioxide. If the hardness of the water is 
low, it may be advantageous not to remove carbon dioxide by aera- 
tion but to remove it with lime and increase the alkalinity and hard- 
ness to the point where a protective film will form. This treatment 
may, however, render the water less satisfactory for certain industrial 
uses. 

Protective film formation depends on the use of proper amounts 
of soda ash or lime, or both, so that the solubility of calcium carbon- 
ate in the water is slightly exceeded. Tillmans (1) first developed the 
relationship between pH, alkalinity, and carbon dioxide which he 
called “aggressive” carbon dioxide (2), and von Heyer (3) proposed 
the so-called “marble test” which is now used to indicate the equi- 
librium point in film formation. 

If a water contains no free carbon dioxide, it will require a 
calcium carbonate alkalinity of at least 35 p.p.m. to obtain film 
formation (See Fig. 1). If the alkalinity is not made up entirely 
of calcium carbonate, then the water will need to be adjusted with 
soda ash and lime to obtain the film. 
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Langelier (4) has developed a system based on chemical equi- 
librium which will indicate whether a water is corrosive, at equilibrium, 
or overtreated. The mathematical relationships are rather complicated, 
based on complete chemical analysis of the water, but laboratory tests 
using the von Heyer marble test, or modifications of it, give the 
stability index. 

Briefly, it is only necessary to determine the pH of the raw 
or treated water and the pH of the treated water which has been sub- 
jected to the marble test and to note the difference between the two 
results. If the pH of the raw or treated water is lower than the pH of 
the water at equilibrium by the marble test, the water is corrosive. 
If, however, the pH is higher than the equilibrium point, that water 
will deposit a film which will continue to grow in thickness. 

As an example, let us take a water with a pH of 7.0 and a 
calcium carbonate alkalinity of 50 p.p.m. If this water, when sub- 
jected to the marble test, showed a pH of 8.0, the equilibrium point 
would be 8.0 and the Langelier Index 7.0 minus 8.0, or —1.0. Such 
a water would be corrosive. If this same water had an original pH 
of 8.0 and the pH, after the marble test, was 8.0, the Langelier Index 
would be 8.0 minus 8.0, or 0. Such a water would be neither cor- 
rosive nor film forming. On the other hand, if the original water 
had been overtreated and showed an original pH of 9.0 and, after 
the marble test, a value of 8.0, the index would then be 9.0 minus 8.0, 
or +1.0. Such a water would be non-corrosive but would deposit a 
calcium carbonate scale on the inside of the pipe. 

Therefore it is desirable to determine the equilibrium point for 
finished waters in order to keep the Index as near zero as possible. 
It is not possible to choose lime or soda ash at random and treat the 
water to obtain the desired pH and expect to prevent corrosion. This 
is because of the fact that sufficient calcium carbonate must be present 
for saturation under the conditions present. For instance, a water 
devoid of carbon dioxide, as is often the case when large amounts of 
algae are present, should not be treated entirely with hydrated lime 
since it could not form the carbonate under these conditions. A soft 
water containing only small amounts of calcium salts should not be 
treated with soda ash, as this chemical alone would not build up the 
lime to the necessary concentration to prevent corrosion. 

The chemical relationships at the equilibrium point are rather 
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complicated, and the original investigation to prevent corrosion should 
be made by persons qualified by training and experience for such 
work. The water may then be kept at the equilibrium point by intel- 
ligent operators, not necessarily trained chemists or engineers. 

A number of phosphate compounds have been used for some 
years in boiler water conditioning to prevent scale formation, but it 
was not until recently that it was known that certain of these com- 
pounds would minimize the corrosion of piping. The pyrophosphates, 
to some degree, and the metaphosphates, to a considerable degree, 
tend to inhibit corrosion. The compound most widely used for this 
purpose is sodium hexametaphosphate, a glasslike substance, acid in 
reaction, and free from water. The exact mechanism of corrosion 
prevention by this type of treatment is not known, but it has been 
found that the phosphates are strongly adsorbed on metal and oxide 
surfaces and prevent further growth of rust films. The process has 
been called “threshold treatment”’. 

Strangely enough, the concentrated solution of sodium hexameta- 
phosphate is exceedingly corrosive, and equipment used to feed the 
chemical into the system should be of corrosion-resistant material such 
as porcelain or hard rubber. The dose applied is generally between 
1 and 2 p.p.m., although large distribution systems often require some- 
what greater amounts. 

Although the results of numerous investigations have shown the 
metaphosphates to be non-toxic, a paper by J. K. Hoskins, U. S. 
Public Health Service, states, “. . . until reliable data on the physio- 
logical effects of polymetaphosphates are obtained, their use in ex- 
cess of 2.0 p.p.m. should be avoided”. 

One disturbing effect in the use of sodium hexametaphosphate 
is the increase in the bacterial counts that have been noted by several 
operators (6, 7). At the Bristol Filter Plant which is using this treat- 
ment, the quality of the water from the standpoint of bacteria was 
maintained in an excellent condition by the use of an increased amount 
of chlorine. The pH of the water was held within the range 8.0 to 
8.8 for the first few months by the use of lime. Lime treatment has 
now been stopped, and the pH is within the range 6.3 to 7.0 with no 
increase in the bacterial counts. 

Through the kindness of Mr. G. E. Lourie, Superintendent of 
the Bristol Water Department, and Mr. Clair Lourie, Chief Operator 
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of the filter plant, the following details of operation using sodium 
hexametaphosphate, are presented: 


Meter Belridge Maple 
Shop Road Avenue 
Before Treatment 
pH 8.3 8.8 8.8 
Alkalinity (p.p.m.) 15 18 20 
Color (p.p.m.) 4 100 50 
Iron (p.p.m.) 0.016 3.8 1.8 
Dissolved Oxygen Saturated —_— — 
One Week after Treatment 
pH 8.5 8.5 8.4 
Alkalinity (p.p.m.) 15 16 15 
Color (p.p.m.) 3 60 30 
Tron (p.p.m) 0.004 0.36 0.4 
(NaPO3), (p.p.m.) 1.4 0.7 0.8 


The whole system was then flushed and the treatment with sodium 
hexametaphosphate was reduced to 1.5 p.p.m. Further color reduc- 
tions were noted, and the iron content decreased. 

About two months after the treatment was started, the results at 
the same sampling points were as follows: 


Meter Belridge Maple 

Shop Road Avenue 
pH 8.4 8.8 8.1 
Alkalinity (p.p.m.) 14 15 11 
Color (p.p.m.) , 1 2 12 
Tron (p.p.m.) 0 0.09 0.35 
(NaPO3), (p.p.m.) 0.7 0.4 0.2 


After nine months of operation, feeding 1.5 p.p.m hexametaphos- 
phate, the conditions are recorded as follows: 


Meter Belridge Maple 

Shop Road Avenue 
pH 6.3 6.9 6.7 
Alkalinity (p.p.m.) 3 12 13 
Color (p.p.m.) 4 3 3 
Iron (p.p.m.) 0 Trace 0 
(NaPO3), (p.p.m.) 1.3 0.2 0.2 


These figures show that the effect of the phosphate is not imme- 
diate, and that sufficient chemical must be used to reach the ends 
of the system. 
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In connection with the treatment of water with chemicals, a 
nomogram has been prepared whereby the calculations necessary for 
proper treatment are greatly simplified (see Figure 2). It is simply 
necessary to draw a line through the points representing the flow of 
McD GPM CHEMICAL FEEL 02. PER MIN, UB PERDAY 
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water and the dosage, and read immediately the pounds necessary. 
While the Rate of Flow Scale is graduated from 0 to 10 m.g.d., there 
is no reason why this chart cannot be used for flows outside this 
range by using multiples of 10. 

In conclusion, it should be stated that there is no panacea for 
“red water”. Methods which produce satisfactory results with one 
supply will probably not be satisfactory with another. A study of 
the conditions present in the system and the character of the water 
will, however, lead to the most economical and satisfactory method 
for preventing “red water”. 

The writer wishes to acknowledge the helpful suggestions of Mr. 
James A. Newlands, President of the Henry Souther Engineering Co., 
in the writing of this paper. 
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EXPERIMENTS WITH TUBE-LOY PIPE 


BY ROBERT SPURR WESTON* 
[Read November 25, 1941.] 


With the shortages of iron, copper, and zinc that preparations 
for national defense have caused, there has come a shortage of service 
pipes made of these metals. It, therefore, is of interest to learn of 
the possibilities of a new alloy of lead—as yet more plentiful than 
other metals—known as Tube-Loy. This pipe is made for services 
and consists of lead alloyed with small amounts of calcium, magne- 
sium, and tin. The results of chemical analysis are as follows: 


TABLE 1—COoMPOSITION OF TUBE-LOY 


Element Per cent 


Calcium, Ca 0.020 
Magnesium, Mg 0.015 
Bismuth, Bi 0.020 
Tin, Sn 0.25 
Lead, Pb Balance 


The manufacturers of this new pipe—the American Smelting 
& Refining Company—are making two types of it, known as Type 
“A” and Type “K”, respectively. 


TABLE 2—DIMENSIONS OF TUBE-Loy PIPEs 
(Inches) 
Nominal Inside Outside Inside Outside 
Diameter Diameter Diameter Diameter 


_ 0.375 0.500 
— 0.469 0.625 
— 0.580 0.750 
0.815 0.695 0.875 
1.050 : 0.900 1.125 
1.281 d 1,094 1.375 
1.683 1.281 1.625 
2.094 1.6388 2125 


*Of Weston & Sampson, Consulting Engineers, 14 Beacon St., Boston. 
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The diameters of the two types of pipe may be compared with 
their nominal sizes, as shown in Table 2. 

How the dimensions and weights of Tube-Loy compare with 
those of Class AA and Class AAA lead pipe, as shown by the figures 
for 1-in. pipes, is given in Table 3. 

TABLE 3—COMPARISON OF DIMENSIONS AND WEIGHTS OF TUBE-Loy 
AND LEAD PIPES 


Tube-Loy’ Lead 
Type A Type K Class AA Class AAA 
Inside Diameter (inches) 1.050 0.900 1.00 1.00 
Outside Diameter (inches) 1.375 £925 1.48 1.60 
Thickness of Wall (inches) 0.1625 0.112 0.24 0.30 
Weight per foot (pounds) 3.02 1.69 4.75 6.0 


Tube-Loy has remarkable strength, tests having shown that it 
can be used at higher working pressures than either Class AA or 
Class AAA lead service pipe. It can be safely employed for all steady 
working pressures up to 125 Ib. per sq. in. in spite of the fact that the 
weight is less even than that of Class AA regular lead pipe. For this 
reason, Tube-Loy is not only moderate in cost, but it is also ductile 
and easily handled even in long lengths. It possesses the advantages 
of lead pipe including the practicability of wiped joints. Further- 
more the outside diameters are such as to allow the use of standard 
flare-type or sweat-type fittings, should these be preferred for joint- 
ing. Type A Tube-Loy has a larger inside diameter than regular 
lead pipe of the same nominal size and, therefore, a larger carrying 
capacity. Type “K” Tube-Loy was used in the tests at Milford that 
are described in this paper. Also used was Chromate Tube-Loy, 
being pipe of the same metal with a coating of lead chromate—a 
slightly soluble salt of lead—formed on its inside surface. 

Naturally, one associates lead pipe with lead poisoning (plumb- 
ism). Lead poisoning by water began with the use of pipes of that 
metal by the ancients, and in the Second Report (1871) of the 
Massachusetts State Board of Health there is a record of the experi- 
mental study of the effect of various waters on lead pipe, by Professor 
William Ripley Nichols, then head of the Department of Chemistry 
at the Massachusetts Institute of Technology. In the 90’s, cases of 
lead poisoning were prevalent in many places, including a few in 
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Massachusetts, and in that decade there appeared the thorough re- 
port by H. W. Clark (1). 

The possibility of lead poisoning was recognized by the Amer- 
ican Smelting & Refining Company, and Dr. Albert J. Phillips, Super- 
intendent of the Research Department, asked the assistance of the 
writer’s firm in testing the new pipe. The result was that the Milford 
Water Company, with its plumbo-solvent raw water, was asked to 
codperate in making the tests. The request was granted, and tests 
were begun in January, 1941. 

The Milford water was recommended for the tests because of 
its history (2). The original works, built in 1881 and supplying the 
towns of Milford and Hopedale, took its supply from three wells 
along the Charles River, and most of the services in the two towns 
were of lead. The water was one, of four in Massachusetts, that the 
State Board of Health found to be causing serious lead poisoning (1) 
because of the solvent action of the ground water, which was clear, 
colorless, soft, nearly free from organic matter, and contained oxygen 
and carbon dioxide gases. 

At the time of the studying of the problem by the State Board 
of Health, many cases of plumbism among Milford and Hopedale 
residents were in the hospitals; so, in 1903, to overcome the danger 
without replacing the costly services, the Company built slow filters. 
Thereafter, the consumers were daily supplied with filtered water 
from the Charles River, although the effluent of the filters was dis- 
charged into the wells and mixed with the yield of the latter. 

Following the placing of the filters in service, cases of lead 
poisoning disappeared, and until 1914 the Company believed that it 
had done everything necessary to protect its consumers. In that 
year, however, one suspicious case of plumbism occurred. While the 
patient, in this case, may have been unusually sensitive to the poison- 
ous effect of lead, and it was true that the supplied water was drawn 
through a long service, examination of the filter and its product 
indicated that between January, 1904, and June, 1914, when the 
tests were made, a large amount of organic matter derived from the 
highly colored Charles River water had been gradually stored in the 
filter sand. The organic matter in the sand had fermented and pro- 
duced carbon dioxide. This was shown by many determinations of 
this gas, and of oxygen as well, in both the influent and effluent of the 
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Milford Water Company’s filters. The results were as shown in 
Table 4. 


TABLE 4—CARBON D1i0xIDE AND DISSOLVED OxYGEN IN MILFORD 
Waters, 1914 
(Parts per million) 


Carbon Dioxide Dissolved Oxygen 
Av. Max. Min. Av. Max. Min. 
Charles River 735 8.5 6.2 8.32 8.73 7.89 
Filter Effluent tS3t 16.8 13.5 5.77 6.49 5.02 


Following the re-occurrence of carbon dioxide in the softer de- 
livered water and the consequent solution of lead from the services, 
experiments were made which showed that it was necessary to treat 
the water to inhibit the corrosive action of the water upon lead and 
that treatment with lime was effective. This treatment was begun 
in December, 1914. Since then, the average dose of hydrated lime 
has been about 12 p.p.m., or 100 lb. per m.g. of delivered water. 

Since this treatment was started, samples have been taken from a 
test service under conditions of standing overnight and ordinary use, 
respectively, and the amounts of lead determined with the results 
given in Table 5. 


TABLE 5—AMOUNTS OF LEAD IN WATER FROM MILForD TEST SERVICE 
(Parts per million) 


Lead 
Standing Ordinary 
Overnight Use 
1936 0.083 0.032 
1937 0.031 0.033 
1938 0.034 0.021 
1939 0.035 0.024 
1940 0.035 0.027 
January 13, 1941 0.045 0.015 
March 4, 1941 0.024 0.020 
April 8, 1941 0.040 0.018 
May 27, 1941 0.060 0.014 
June 9, 1941 0.047 0.037 
August 11, 1941 0.020 0.010 
September 29, 1941 0.020 0.015 


(Seven tests) 1941 Average 0.037 0.018 
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In 1940, the average results of analyses of the water before and 
after treatment with lime and chlorine were as recorded in Table 6. 


TABLE 6—AVERAGE RESULTS oF ANALYSES OF MILFORD WATER 
BEFORE AND AFTER TREATMENT, 1940 


(Parts per million) 
Determination Raw Water Treated Water 


Color 

Hardness 

Alkalinity, Total 

Alkalinity, Carbonate 

Tron 

Oxygen Consumed 

Carbon Dioxide 

Dissolved Oxygen, % of Saturation 
Residual Chlorine 

pH Value 


The results of partial analyses of raw and treated water made 
during 1941, part of them to control the treatment of the water and 


TABLE 7—RESULTS OF ANALYSES OF RAW AND TREATED MILFORD WATERS 
Durinc Tuse-Loy TESTING PERIOD 
(Parts per million) 


Dissolved 
Temp. Oxygen Alkal- Hard- pH Carbon Oxygen 
°C. Color Consumed inity ness Value Dioxide % Sat. 


Raw Water (Well No. 1) 
January 8 3.0 
January 9 3.0 
January 15 2s 
January 22 2.0 
February 6 4.0 
February 21 3:5 
March 3 
March 10 4.0 
April 10 8.5 
May 12 14.0 
May 20 

June 13 

August 12 


Ne 


13.5 28.0 

8.3 21 : 

4.7 

0.18 0.17 

4.4 4.0 

12.9 0.9 
65.6 73.7 oe 
0.24 

6.1 7.9 

-_ 4 85 

8 _ — 6.0 9 85 mi. 

0 — 62 7 88 

7 a — 60 7 85 a 
0 59 8 81 

5 4.2 4614 — 

6 ££ 88 

0 — 61 10 74 
5 — 6.6 8 73 

0 6.2 2 59 — 

8 — 6.0 10 60 

9 -- — 5.9 12 66 
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TaBLe 7 (Continued) 


Dissolved 
Temp. Oxygen Alkal- Hard- pH Carbon Oxygen 
°C. Color Consumed inity ness Value Dioxide % Sat. 


‘LREATED WATER (Tap) 


January 8 4.0 — 7.6 1 
January 9 6.5 — 84 0 83 
January 15 5:5 18 — 18 — 71 2 89 
January 22 3.0 20 — 15 — 74 1 91 
February 6 4.5 18 _ 14 _ Ue 3 89 
February 21 6.5 20 — 19 — 7.9 0 89 
March 3 —_ 16 3.9 15 22 75 _ — 
March 10 HS 16 _ 23 _ 84+ 0 86 
April 10 9.0 20 —_ 22 _ 8.6 0 85 
May 12 13.5 25 _ 23 —_ ia 2 74 
May 20 _ 30 5:5 21 24 8.4 0 _ 
June 13 16.5 16 — 24 — 84 0 69 
August 12 22.0 10 — 23 — 79 0 66 


part for comparison with the waters drawn from the pipes under 
test, were as shown in Table 7. 

It will be noted that there was a tendency for color to decrease 
and for the hydrogen-ion concentration and the carbon dioxide to 
increase during the summer. This was due to low stream flow and the 
throwing out of service of one or more filters for cleaning the filter 
sand, with consequent decrease in the ratio of filtered surface water 
to ground water, the latter from the old wells into which the filters 
drained. This circumstance, which could not be controlled, increased 
the corrosive action of the water. These results are plotted in Figure 

The variations in pH values are of importance, and are given in 
Table 8. 

The pipes tested are shown in Table 9. 

The Tube-Loy pipe was in 50-ft. lengths, and the ordinary lead 
pipe in lengths of equivalent interior surface. The coils of pipe were 
set in an isolated room, and connections were made through 12-in. 
lengths of non-conducting rubber-lined pressure hose. Needle valves 
and meters on each connection permitted accurate control of flow. 
Before the beginning of the tests, the pipes were filled with water 
and allowed to stand for 11 days. They were then flushed out, and 
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TABLE 8—PH VALUES OF RAW AND TREATED MILFORD WATERS, 1941 


Raw Water Treated Water 
Month Av. in. Av. 


January 6.03 7.69 

March 6.00 : . 7.99 
April 6.00 3 8.11 
May 5.98 8.13 
June 6.08 8.11 
July 6.19 8.03 
August (12 days) 6.04 ’ : 8.02 


Whole Period 6.04 7.98 


on January 7 the tests were begun. On each day, approximately 
200 gal. of raw or treated water were passed through the pipes in 16 
hours. The flow was then stopped and the water allowed to “stand 
overnight” in each pipe for the remainder of the 24 hours. The 
periods of sampling in numbers of days were as follows: 1 day, 2 
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TABLE 9—DIMENSIONS AND WEIGHTS OF Pipes TESTED 


181 


Inside Outside Wall Weight 

Diameter Diameter Thickness per foot 

Metal (In.) (In.) (In.) (Lb.) 
Tube-Loy 0.900 1.125 0.225 1.69 
Ditto, Chromate-coated 0.900 £125 0.225 1.69 
Ordinary Lead 0.750 1.340 0.295 4.45 


and illustrated in Figure 2. 


days, 4, 8, 15, 31, 45, 62, 93, 125, 157, and 217. 


with the sampling on August 12th. 
The results of determinations of lead are given in Table 10 


The tests ended 
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Since these tests were made, the solvent action of Milford water 
and of water from a large city in Pennsylvania have been compared. 
The latter was found to show only thirty per cent of the action upon 
Tube-Loy pipe exhibited by the former. :; 
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CONCLUSIONS 


From the results of experiments with Tube-Loy at Milford, the 
following conclusions may be drawn: 


c { A. With Raw Water 
: 1. Under conditions of standing overnight 
a. The Tube-Loy pipe is more resistant to the plumbo-solvent raw water 
than is ordinary lead. 
b. The chromate coating increases the resistance of the Tube-Loy pipe. 
c. Ordinary lead is readily attacked. 
d. Under these conditions, lead was dissolved in concentrations too high 
for safety from all pipes tested. 
2. Under conditions of ordinary use 
a. Both the Tube-Loy and the chromated Tube-Loy pipe resist the action 
of the raw water more than ordinary lead. 
b. Ordinary lead is attacked with resulting concentrations of lead, which 
were too high for safety for most of the test period. 
B. With Treated Water 
1. Under conditions of standing overnight 
a. Both Tube-Loy and ordinary lead pipe yielded excessive amounts of 
lead at the start and also on May 12 under these conditions, but the latter 
may have been due to inadequate treatment on that day. 
b. As a rule, treatment was slightly more effective with the Tube-Loy than 
ee with the ordinary lead pipe. 
ee 2. Under conditions of ordinary use 
a a. Even from the beginning of the test, water from the Tube-Loy pipe 
contained less than 0.1 p.p.m. of lead, and during the last five months, less than 
0.05 p.p.m. 
b. Tube-Loy was not dangerously affected by the corrosive water of 
August 12. 
c. Ordinary lead was seriously affected on August 12, when solvent action 
was at the maximum. 


In brief, the tests showed that Tube-Loy pipe could be used 
with raw Milford water under conditions of “ordinary use”. It 


aes ae could not be used under conditions of “standing overnight”. With 
eke treated water, the Tube-Loy was more resistant than ordinary lead 
pipe. 


All the samples in connection with the tests were collected by 
G. G. Bogren, and were analyzed by C. W. Hunter, both of the firm 
of Weston & Sampson. The daily control of the work was by the 
engineers of the pumping station with Nathaniel A. Spindel in charge. 
Mr. Madison H. Goff, Superintendent of the Milford Water Com- 
pany, did everything in his power to facilitate the work. It is these 
men who have made possible the writing of this paper. 
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RELATIVE EFFICIENCY OF ACTIVATED CARBON AND 
AERATION IN THE REMOVAL OF TASTES AND ODORS 


BY GEORGE G. BOGREN* 
[Read September 26, 1941.] 


Of late, the development of super-chlorination in the field of 
odor and taste removal has captured the attention of water works 
chemists and engineers. It is the purpose of this discussion to compare 
briefly the merits of two other methods of odor and taste removal which 
have been the longest in use. While super-chlorination will be 
successful where activated carbon and aeration are not, the last two 
methods still will find a wide field of use. 

It is unfortunate that time has not permitted a statistical study 
of the analytical records of plants where these two methods have 
been used—with the batting averages duly figured—or a series of 
controlled experiments with the two methods used in parallel. How- 
ever, plant experience has provided the data from which general 
conclusions can be drawn. 

Tastes and odors. Odors in water are mostly due to volatile 
substances. In most cases, the terms tastes and odors are synonymous. 
In New England, algae are the most common source. These are 
microscopic organisms, many of which exude volatile oils, chiefly 
upon their death and decomposition. These provide the spice in the 
field of odors,—aromatic, etc. Extracts from higher types of vegeta- 
tion provide less pronounced odors, called vegetable, grassy, etc. 
Sewage and industrial wastes contribute a wide range of odors ranging 
in character from plain disagreeable to medicinal, such as phenol tastes 
from gas plants. 

Aeration. Aeration consists of exposing the water to the atmos- 
phere so that the volatile constituents causing the odors may escape 
into the atmosphere. This is done: 


1. By spraying the water into the air from nozzles; 
2. By spilling it over cascades, as in the spillways of dams, 
or over a series of trays; . 


*Of Weston and Sampson, 14 Beacon Street, Boston, Mass. 
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3. By blowing compressed air through it; 

4. By mechanical agitation of the surface of the water; and 
5. By trickling the water through beds of coarse material, 
well ventilated to the atmosphere. 


The process is entirely physical; it was thought by some that 
oxidation was involved, but this does not seem to be the case. 

Activated Carbon. This material consists of carbon made by 
burning various cellulosic materials, the commonest of which are 
lignite and wood pulp residues. The power of activated carbon to 
remove tastes and odors depends upon its ability to absorb the taste- 
and odor-producing matters. Adsorption is partly a physical and 
partly a chemical process. There is a limit to the amount of volatile 
constituents that carbon can absorb, and the quality of a carbon is 
measured by its adsorptive capacity which is usually expressed in 
terms of phenol (carbolic acid) removal. 

When first introduced, activated carbon was used in granular 
form and placed in beds, similar to sand filters, through which the 
water was passed. The problem of re-activation of such beds led to 
the production of carbon of very fine size—particles passing a 200- 
mesh sieve. Because of the infinitely greater surface area exposed to 
the water by powdered as compared with granular carbon of equal 
weight, the powdered form is much more effective. Such small doses 
are usually used that recovery and re-activation are not feasible. In 
general, doses of from 2 to 10 p.p.m. of carbon are used. The size 
and low specific gravity of the particles require their removal from 
the water by filtration. 

Comparative Efficiencies. To compare scientifically the two 
methods for the removal of tastes and odors would require some method 
of expression of the amounts of aeration and activated carbon required 
to remove an odor from a given water. For carbon, this is easy, but 
for aeration, it is not always possible. With aeration, the volume of 
air applied per volume of water treated would be a suitable measure 
where compressed air is blown into the water, as in the activated- 
sludge method of sewage treatment. For aeration by spraying, cas- 
cading, mechanical agitation, and trickling, a suitable measure would 
be difficult to provide. The degree of aeration in these instances 
cannot be measured by the amount of oxygen dissolved from the at- 


3 
= j 
| 
it 
: 
4 


186 TASTE AND ODOR REMOVAL, 


mosphere, because in most cases where aeration is required, the water 
is already nearly or wholly saturated with oxygen. 

Scientific comparison of the two methods is further rendered 
impracticable by the fact that complete odor removal is not always 
possible by both methods. 

The best basis of comparison is a compilation of the various 
types of tastes and odors and the degree to which each method is 
effective in removing them. For those types of tastes and odors for 
which both methods are effective, the comparative costs serve as the 
best measure of efficiency. 

Effective Field of Aeration. Thorough aeration is most successful 
in dealing with odors from microscopic organisms, as the odorous 
constituents are often highly volatile. Here, however, it should be 
noted that the removal is seldom complete, but usually sufficient to 
reduce the tastes and odors to unobjectionable limits. 

Tastes and odors resulting from vegetable extracts such as the 
tannins in highly colored New England waters, are not so thoroughly 
removed by aeration. Phenolic tastes imparted by gas works and oil 
refineries are affected little if at all by aeration. Aromatic odors due to 
oil refineries sometimes are successfully treated by aeration. Tastes and 
odors resulting from pollution by domestic sewage and other indus- 
trial wastes (mostly disagreeable, etc.) are usually not removed in 
a satisfactory degree by aeration. 

Effective Field of Activated Carbon. This material is remark- 
ably effective over a wide range of tastes and odors. It will usually 
exceed aeration in the degree of removal of tastes and odors resulting 
from microscopic organisms; remove tastes and odors resulting from 
vegetable extracts and from bottom decomposition in reservoirs; and 
remove tastes and odors, of phenolic and similar origin. Activated 
carbon successfully treats water polluted by domestic sewage and 
enjoys a mixed success in waters polluted by industrial wastes. For- 
tunately, polluted waters, as sources of supply, are comparatively rare 
in New England. 

Choice of Method for Taste and Odor Removal. In designing 
new works, the choice of method will be governed by the comparative 
cost of construction and operation where both methods are practical. 

In adapting methods for taste and odor elimination to existing 
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works, the choice will often be based on expediency rather than cost. 
Aeration will be more feasible: 


1. In dealing with occasional seasonal complaints due to 
microscopic organisms, or reservoir stagnation, in waters un- 
polluted by sewage or industrial wastes, where sufficient head is 
available without additional pumping. 

2. In dealing with the odors and tastes just mentioned, even 
though additional pumping be required, in supplies not filtered, 
or in supplies treated by slow sand filters, where the application 
of carbon would shorten filter runs to a considerable degree. 
3. In dealing with the odors and tastes just mentioned, in 
polluted supplies where pre-chlorination is practiced. Here 
aeration may reduce the chlorine demand, while activated 
carbon would use up chlorine. 


Activated carbon will be more feasible: 


1. In supplies treated by rapid sand filtration plants, where 
head is not available for aeration, and where additional pump- 
ing for aeration would exceed the cost of carbon treatment. 
‘2. In supplies treated by rapid sand filtration where aeration 
would not be effective for the types of odors encountered. 

3. In supplies treated by rapid sand filtration where, in addi- 
tion to removal of tastes and odors in the raw water, activated 
carbon will prevent growths of algae in open coagulation basins 
and prevent odors due to decomposition of sludge in coagulat- 
ing basins. 

4. In supplies treated by rapid sand filtration where activated 
carbon may be applied with the coagulants without the use of 
additional equipment. This is particularly true where odors. 
are of infrequent occurrence. 


DIscussION 


Stuart E. Copurn.’ As I see it, aeration is of value for the re- 
moval of carbon dioxide, manganese, or iron, and for flash mixing 
of chemicals. If odors or tastes are removed by aeration incidental 
to its use for these purposes well and good, but to install aeration 


10f Metcalf and Eddy, Boston, Mass. 
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equipment to remove tastes and odors seems to be an expensive propo- 
sition for the results that can be obtained. 


Harotp CHANDLER.” I agree with Mr. Coburn. What I would 
like to find out is how to remove the woody taste associated with 
break-point chlorination. 


E. A. SicwortH.* We have carried on some tests in which we 
have developed the so-called woody taste, and it is almost impossible 
to remove it economically. Further chlorination will not succeed. - 
Even though the residual is brought back to zero by dechlorination, 
the taste is still there, and tremendous doses of carbon must be used 
in order to correct the condition. Frequently, an answer is found by 
treatment with carbon first in order to adsorb the impurities, followed 
by proper chlorination treatment. 

So far as aeration itself is concerned, there are undoubtedly com- 
pounds in water that are readily removed by this treatment. Hydrogen 
sulfide is one. We have had instances in Texas where the hydrogen 
sulfide content runs up very high, several hundred parts per million, 
and aeration reduces that down perhaps 4 or 5 p.p.m., which is still 
objectionable, however. The residual can then be removed by chlori- 
nation or by activated carbon filters. In general, however, we don’t 
find aeration to be too successful in eliminating tastes and odors. 
Under average conditions, aeration is only about 15 per cent effective, 
i.e., not enough to be noticeable in the system proper. Aeration very 
infrequently will produce a palatable. water if the water was un- 
palatable before aeration. 

On the other hand, aeration is sometimes surprisingly effective. 
At Gloversville, N. Y., the plant was designed to correct tastes and 
odors by means of activated carbon. Feeding equipment was pro- 
vided to handle 600 lb. of activated carbon per hour on a supply of 
perhaps 3 or 4 m.g.d. That was a tremendous dose of carbon, indi- 
cating apparently that the studies had showed a tremendous amount 
of taste and odor to be removed. Aerators of the diffusion type were 
installed and they eliminated the necessity for using activated carbon 
for, roughly, over a year. Whether or not they have actually en- 
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countered the taste and odor conditions that existed in the supply 
at the time of their investigation, I don’t know, but I am inclined to 
think not. 

Aeration, in contrast, will sometimes give no results at all. We 
carried on some tests with water having a threshold odor of 22, and 
when we got through aerating it, the value was still 22. In another 
case an algal odor of 19 was reduced by aeration to 14. Water with 
a musty sewage odor of around 25 was brought down to about 20 
by aeration. Exceptionally good results from aeration were experi- 
enced, however, with a mine waste odor; here the threshold odor at 
the start was 100 and was brought down to 40. In another instance 
where the starting odor was 50, aeration brought it down to, I believe, 
about 18. But for odors due to algal decomposition I am inclined 
to feel that the best expectation is about 15 to 25 per cent with 
aeration. 

On the other hand, with activated carbon you can, if you use 
enough, deliver water that will be palatable. 


Mr. Bocren. I agree with both Mr. Sigworth and Mr. Coburn. 
At the Wakefield, Mass., slow sand filtration plant, the raw water 
has a very distinct algal odor most of the time, but aeration reduces 
it enough so that there are no consumer complaints. 

As I said in my paper, I don’t think aeration will eliminate any 
kind of odor. It will reduce certain odors, however, to limits where 
they become unobjectionable. 


W. A. Hetsic.* I agree with Mr. Sigworth and Mr. Coburn. 
Our findings have been that in most water works plants there is some 
reduction in odor with almost all of the steps that are used in treating 
the water, including filtration. The order of reduction is about the 
same as that obtained with aeration. As has been pointed out, that 
would vary with the nature of the odor, but it must be borne in 
mind, I think, that aeration is an equilibrium phenomenon. There- 
fore, there is always a residual odor present after aeration, and in 
many cases this is sufficiently above the average perception threshold 
to be troublesome. 

Powdered carbon presents a very much larger surface than 
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granular carbon, but that is not the complete story of their relative 
efficiencies in water treatment. Powdered carbon is dispersed in very 
small dosages and gets relatively poor contact whereas with granular 
carbon contact with the water is very efficient. Tests have shown 
that powdered carbon is not always permitted to exert its full adsorp- 
tion capacity before it is eliminated from the system by settling or 
filtration. 


Frep E. Smitu.” At the Cambridge plant, aeration of the filtered 
water is accomplished by a riffle-plate aerator. Odors are removed 
to a limited extent by the aerator, but at present the filters are doing 
most of the work in odor removal. 

From the standpoint of plant design and comparison of the two 
methods of odor removal, namely, use of carbon or aeration, the 
flexibility which is available in carbon treatment is, I think, the point 
that should be carefully considered. We have never had to use car- 
bon, but should that treatment become necessary it could be applied 
to the mixing chamber or in the coagulated water as it flows to the 
filters. Aeration devices once installed invariably are in fixed position. 
Carbon treatment has much greater flexibility than aeration. 


Mr. StcwortH. In so far as individual operators being able to 
determine whether a certain treatment is giving taste and odor removal 
or not, that is a very ticklish proposition. If you feel that you are 
being successful in the removal of tastes and odors you can very well 
fool yourself. I know of instances where people have thought very 
definitely that they were improving the taste and odor of a water 
and were convinced in their own minds that the water they were de- 
livering to the consumer was palatable. Yet, on carrying on a thresh- 
old odor test, whereby you can actually get a real measurement of the 
intensity and character of the odor, the water was not palatable and 
hardly improved at all over the original water. A lot of these ideas 
so far as odor removal is concerned are mental and wishful thinking 
for which you cannot blame the operator. 


Mr. Copurn. We are all talking about taste removal but we 
are all measuring it by threshold odor. Is there any way of knowing 
the threshold taste? 
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Mr. SicwortH. We have carried out threshold taste tests and 
parallel threshold odor tests. At Buffalo, N. Y., and at Beaver Falls, 
Pa., this is certainly so. The test is not quite as sensitive as the 
threshold odor test and the intensity observed is lower. 

One of the theories of the action of activated carbon is that if 
the material to be removed is relatively insoluble in water it is most 
easily eliminated. If it is highly soluble it is difficult to remove. 
Kerosene we know is relatively insoluble, whereas the woody taste 
might be due to highly soluble substances and therefore more difficult 
to remove. At Hammond, Ind., 100 p.p.m. of carbon must be added 
to water having 100 threshold units. In Dallas, Texas, the value 
varies from 50 to 100 p.p.m. when they have a threshold odor of 100. 
On a threshold odor of 100 I have seen a dosage of 4 p.p.m. take 
care of this taste in New England, in other words, 1/25th of what is 
normally used out through the Middle West and in the Far South. 
There is the same intensity of odor but the character is different. 
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PUBLIC WORKS PROGRAMMING IN RELATION TO THE 
POST-EMERGENCY PROBLEM 


BY WILLIAM STANLEY PARKER* 


[Read September 25, 1941.] 


Purpose of Programming. A good deal has been written on the 
subject of public works programming. The Report of the President’s 
Conference on Unemployment, in 1921, is perhaps a natural starting 
point for any historical references nowadays. That report analyzed at 
some length the causes and effects of the business cycle and asserted 
the need of using public works as a stabilizing factor by carrying them 
out in a counter-cyclical program. On this theory, more public works 
would be built in a depression period and less in a boom, thus tending 
to offset the fluctuations in the spending of private enterprise. 

Many reports have been written since then on this subject. All 
but one support the counter-cyclical theory and apply it to all levels 
of government—federal, state, and local. The Report of the Massachu- 
setts State Planning Board in 1938, entitled “A Policy for Stabilizing 
Public Expenditures” supports the idea of the counter-cyclical theory 
for federal public works but suggests a policy of “‘stabilized expendi- 
tures” for municipalities, due to the fact that, unlike the Federal 
government, local governments raise their funds by taxes on property, 
under statutory limitations as to debt. 

It is also clear that, in the past, municipal expenditures for public 
works have followed the same cycle as private enterprise, municipalities 
spending more for capital improvements in good times and less in bad 
times, thus making both the boom and the depression more marked. 

This paper does not afford the space required for discussion of 
these two proposals and the various factors that affect the extent to 
which they are practicable and effective. For our purpose, it is 
enough to point out that whichever policy is followed, it must be 
accomplished by some conscious control of expenditures, which is only 
another way of saying a public works program. Without a consciously 
developed program, no definite policy can be followed. To what 
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extent are public works now being developed in accordance with such 
programs? 

In this discussion, we, of course, are not referring to war emergency 
programs that must employ abnormal speeds and magnitudes accord- 
ing to the urgent need of the moment. Our discussion relates to the 
normal peace-time activities of governments, preferring to assume that 
normal peace times will some day return. 

Experiments in Programming. Ever since 1931, in accord with 
the provisions of the Federal Employment Stabilization Act, the regular 
capital expenditures of federal departments have been required to be 
programmed by the department heads on a six-year basis. In this way, 
the development of institutions, or the execution of established policies 
in conservation, flood control, and so forth, are indicated according 
to a desired trend of expenditures, year by year, during the six years 
of the program period. 

Responsibility for the administration of this programming pro- 
cedure now rests with the National Resources Planning Board. It 
was also instructed by the President, about three years ago, to develop 
a procedure for the long-range programming of public works by states 
and municipalities. To accomplish this, a Public Works Committee 
was appointed, under the Chairmanship of Col. Henry M. Waite, 
which carried out seven experimental studies in Winchester, Mass., 
Nashville, Tenn.; Kalamazoo, Mich.; Fort Worth and Dallas, Tex.; 
Spokane, Wash., and Sacramento, Cal. These studies were for the 
purpose of providing a practical basis for the procedure that would 
result. The municipalities, one a town, the remainder cities, were 
widely different in size, character, geographical location, and form 
of government. 

Only sporadic and partial efforts at programming had previously 
been tried. Schenectady, N. Y.; Cincinnati, O.; Milwaukee, Wis.; 
Richmond, Va., and a few other cities had made their contributions 
to the subject, but nowhere was a consistent long range programming 
procedure in effect. 

Out of these experimental studies, there have been developed the 
outlines of a basic procedure that is adaptable to any state, city, or 
town. There is nothing mysterious about it. It constitutes merely 
an orderly procedure for looking ahead, for the application of organized 
foresight in developing the state and municipal budgets for capital 
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outlays. This procedure has, in the past, been applied broadly to 
operating expenses, using often very complete analyses of expenditures 
in prior years as a basis for determining needs for the coming year, or 
in a state for the coming biennium. But capital outlays have not had 
the same care in their determination. 

In no case have either operating expenses or capital outlays been 
forecast beyond the budget period under consideration. A probable 
trend into the future has not been charted. While operating expenses 
can be forecast fairly accurately on a basis of past experience, this 
cannot be done with capital outlay. In its case, the trend in any given 
department is likely to be the reverse of the past. Future capital out- 
lays must be programmed on a basis of need, properly related to 
ability to pay. 

However much attention is paid to past experience as a guide to 
current appropriations, a clear understanding of current trends cannot 
be secured unless they are forecast for some reasonable period into 
the future. This raises the question of how long that period should be. 
The Federal Employment Stabilization Act adopted six years for this 
purpose. In doing so, it is understood that a four-year period was 
eliminated to avoid paralleling the presidential term and it was found 
inexpedient to adopt five years because Russia had just embarked on 
a Five Year Plan. The six-year period is about as satisfactory as can 
be devised. It is long enough to show trends and it is not so long 
that forecasting the latter years of the program becomes largely guess- 
work. 

Programming Procedure. In its main outlines, the procedure is 
simple. It involves tabulating background experience in income, 
operating expenses, debt service, and capital outlay. These tabula- 
tions are based on the official auditor’s or comptroller’s reports but 
involve some reorganization of the figures, particularly in the clear 
and consistent separation of capital outlays from operating expendi- 
tures. This is not always easy, as they are generally pretty well 
scrambled in appropriations and financial reports. 

This separation is essential in order to provide a basis for fore- 
casts. Operating expenses generally maintain a fairly steady trend, 
while capital outlays, in any given department, are likely to fluctuate 
widely from year to year. In order to forecast operating expenses, 
therefore, capital outlays must be deleted and separately tabulated. 
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In order to forecast income, it is, of course, necessary to forecast 
assessed values and to determine the tax rate to be used. The fore- 
cast of assessed values, like the other forecasts, can only be the result 
of the best current judgment and will, of course, involve a factor of 
error. An essential element in the procedure, however, is its annual 
revision. While in each year a six-year program is laid out, only the 
first year is submitted for action as a budget proposal. In the next 
year, a new six-year program is prepared, adding a new sixth year, 
and readjusting the forecasts for the other years in the light of the new 
conditions that may have developed. Thus any errors of forecasting 
are continually being corrected, and each budget year has eventually 
been appraised five times before it is finally submitted as a budget 
proposal. 

For capital outlays, the tabulating of past experience is of sec- 
ondary value. The essential need is to determine what projects ought 
to be undertaken and what the city can afford to pay for during the six- 
year period. Department heads submit their department programs 
based upon need, showing the projects that should be undertaken in 
each year of the program period. These are codrdinated with the 
necessary deletions, into a city-wide program, by some duly constituted 
programming committee, based upon the municipality’s ability to pay, 
as evidenced by the tabulations of income and operating costs. 

The programming committee is variously constituted. In some 
cases, the city manager assumes the full responsibility. In other 
cases, the city manager, or the mayor, or the selectmen of a town, 
appoint a special committee of advisers to assist in the process. This 
committee should normally include the official planning agency and the 
auditor or budget officer and may include other officials or citizens. 

Programming Policy. In approaching the final forecasting process, 
it becomes necessary to adopt certain basic policies by which to guide 
the decisions. These policies will relate to the debt situation, tax rate, 
degree of need that exists for certain public improvements, and general 
trends in national and international affairs. For instance: if current 
debt service is high, but requirements for debt retirement will be much 
less in two or three years, it will be helpful to minimize new capital 
outlays until the reduced debt requirements release funds that can be 
available for new improvements without increasing the tax rate. If 
undue economy in recent years has created a serious lack in certain 
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facilities or has impaired the proper maintenance of existing structures, 
larger expenditures may be imperative in the immediate future regard- 
less of other considerations. If a post-emergency situation is seen 
to be approaching, as at the present time, with possible increases in 
unemployment to be taken care of, it may be well to delay all possible 
improvements at present, thus preventing undue competition with 
defense production activity and conserving opportunities for employ- 
ment that can be utilized when and if that need develops. 

It seems clear that wise expenditure of public funds should take 
such facts into consideration, but, unless a long-range program for 
expenditures is developed, it is hardly possible to do so. Municipal 
expenditures are required to be budgetted for only one year, and general 
reserves to take care of future trouble have been prohibited. Over- 
lays to take care of uncollected taxes and a reserve to cover unexpected 
requirements during the current year are regular elements of the 
annual budget, but long term reserves are prohibited. In a few states, 
taxes can be assessed for a specified improvement over a few years in 
advance of construction, so as to have the funds in hand when needed, 
rather than issue bonds and pay for them, plus interest, in succeeding 
years. 

Improvements in these financial procedures are desirable, but re- 
gardless of that, future probabilities can be prepared for only if a long 
range program is set up, the order of which is based upon these future 
probabilities in accord with best available judgment. 

The Post Emergency Problem. The post emergency problem is 
the largest imponderable, though ponderous, factor involved in laying 
out a long-range program at the present time. If we assume a sudden 
peace followed by prompt demobilization and cancellation of contracts 
for defense production, we can readily visualize a critical period of re- 
adjustment from war production to normal peacetime production 
characterized by the unemployment experienced, under similar con- 
ditions, following the Armistice in 1919. It may be unreasonable to 
make such assumptions for several reasons. It hardly seems likely that 
the navy program will be scrapped. The need of a two-ocean navy has 
been shown, and that policy, it seems fair to assume, will not be 
changed. The expenditures already committed for the naval ex- 
pansion will therefore probably continue for a good many years until 
the program is complete. 
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To a considerable extent a similar result may probably be expected 
with the army for many and various reasons related to the policing of 
the post-war reconstruction period. It may be also assumed that the 
Federal government is more alive now to the economic repercussions 
of its policies, than it was twenty years ago. One of the profits of our 
recent adversity is a somewhat better, if still imperfect understanding, 
of the effect on the national income of the spending policies of our 
governments—Federal, state, and local. With this in mind, it may not 
be unreasonable to expect that the Federal government will handle 
whatever demobilization is necessary in a manner calculated to harmon- 
ize with the speed with which private enterprise can re-absorb its 
previous employees. 

In whatever manner all these factors are handled, there will never- 
theless be a transition period full of complexities and re-employment 
problems. It will be wise to know all possible types of useful employ- 
ment, especially in those categories paid out of public funds. This 
knowledge was not available in 1933 when an emergency program was 
suddenly developed to meet a critical unemployment condition. No 
state or city had a long-range program of public improvements laid out, 
from which to cull those most needed and best suited to the emergency 
relief program. On this account, many relatively unimportant or even 
useless projects were started, pulled haphazardly out of a list of possible 
projects hastily collected by public authorities out of their imaginations. 

The Federal government is taking active steps to prevent a 
repetition of such a situation. Long-range programs and capital 
budgets adopted by our cities and towns furnish the means to this 
end. A community that has a six-year program of needed public im- 
provements carefully prepared and always on record, brought up to 
date each year, will never be at a loss what to do, if at any time an 
emergency program becomes necessary, on a national scale, to take 
care of abnormal unemployment. Projects scheduled for the following 
year constitute their next most needed projects and any of them that 
are suited to the needs of the employment situation can be promptly 
developed into shape for contracts and put under way. Some projects 
scheduled later in the program may be better suited to absorb the labor 
needing relief and can be advanced to immediate construction for this 
reason, even if less urgent than certain other projects so far as 
municipal need is concerned. If some of these projects have already 
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had detailed plans completed, a policy it will be wise to develop, they 
can be started almost immediately. 

This is what is meant by the official references to a “shelf of 
public works”. Water works projects will form a regular and im- 
portant element on any such “shelf”. All improvements will be in- 
cluded, whether they are self-liquidating projects such as water works 
and other projects of that type, or whether they are paid for out of the 
tax levy. 

The aim of the Federal government, in this activity of the Na- 
tional Resources Planning Board and in the related Public Work Re- 
serve project which is jqintly sponsored by the National Resources 
Planning Board and the Federal Works Agency, is to develop these 
local six-year programs in every city and town of the country and by 
the state governments as well. These lists of projects, compiled locally 
and also in Washington, and kept up to date, there as well as 
locally through annual revisions, will keep the Federal government 
continually informed as to the listed worth-while projects of all kinds 
needed in every state. These can be classified by type, character of 
labor and materials required, and state and regional distribution, and 
they can form a firm basis on which to develop any emergency program 
that may at any time be needed. 

Even more important, to my mind, is the improvement this type 
of programming will develop in regular municipal financial procedure. 
Current budgets will be based on a reasoned concept of the city’s 
future financial problems; pressure groups for relatively unimportant 
projects will be discouraged; a long-range policy for debt service and 
debt reduction will be developed; the needs of the several municipal 
services will be kept in better balance; and a concept of the munici- 
pality’s ability to pay, over a period of years, will be more clearly 
related to the current budget determinations. 

All of this constitutes an important new concept in municipal finan- 
cial procedure. Budget authorizations will continue to be made merely 
for the current year. The additional five-year forecast involves no 
commitment, it being merely an indication of future probable require- 
ments by which to gauge wise action in the present. But the proce- 
dure constitutes an orderly method of looking ahead, and it is not 
easy to find any valid arguments against such foresightedness. Per- 
haps that explains why the procedure is spreading so rapidly. At the 
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present moment, in New England, capital budget studies have been 
completed in one state and 3 cities and towns, and are under way in 3 
states and 17 cities and towns. It is a beneficial wave that is rapidly 
covering New England and other sections of the country and that 
promises much for the future. 


DIscUSSION 


FRANK A. BaArBour.* Mr. Parker has presented an interesting 
paper. He is well qualified to speak on his subject, having been a 
member of the State Planning Board from its inception from 1935 to 
1938, Chairman of its Committee on Public Works, and largely re- 
sponsible for the special report on “A Policy for Stabilizing Public 
Expenditures,” published in 1938, which led to the proposed legisla- 
tion—submitted in 1939 but not enacted—entitled ‘““A State Credit 
Reserve Fund, or Protected Municipal Reserve.” 

Mr. Parker in his paper, however, makes brief references to public 
works construction as a counter-cyclical stabilizing factor. His prin- 
cipal theme is the need of organized foresight in state and municipal 
budgetting—covering both operating and capital expenditures—based 
on an analysis of past records, projected six years into the future, 
repeating each year and adjusting the immediate annual budget as 
conditions indicate to be necessary. 

There can be no argument against such rationalized procedure. 
Certainly any attempt to forecast for six years’ population growth, 
valuation, tax collection, necessary service and revenues therefrom, 
will improve budgetting practice by making evident the relation of 
these several controlling factors. 

Obviously, successful forecasting of capital outlays by any agency 
responsible for developing a general municipal budget implies equal 
foresightedness and advance investigation of long-time needs by those 
in charge of the various municipal services—and particularly by the 
water department, in which supply improvements generally require 
major plant additions, which cannot be constructed piecemeal, and 
which, therefore, involve immediate large expenditures. At this point, 
water works men may be inclined to suggest that their departments 
would be better managed if permitted to operate as a utility free from 
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the general budget and the temptation to divert waterworks revenues 
in order to reduce the tax rate. 

Mr. Parker limits the feasibility of longer range budgetting to 
normal conditions. The question may well be asked as to what may 
be considered normal conditions. Has the Federal program of public 
works construction under P.W.A. and W.P.A., or other alphabetic 
notation, registered such conditions and how can that program, ii 
continued, be fitted into an orderly forecast of municipal financing? 
In various municipalities, necessary improvements are held up pend- 
ing guarantee of Federal aid; in others, unjustified expansion of 
utilities has been induced by the opportunity to obtain the necessary 
funds from a source not dependent on local taxation. Since such Fed- 
eral contributions must be met by some form of taxes, it would appear 
that P.W.A. and W.P.A.—well justified as they may be from a welfare 
standpoint—are disturbing factors in any scheme of local long-time 
planning. 

And then what of the future; when may we expect normal condi- 
tions to return? In the immediate future the great problem is going to be 
the obtaining of materials absolutely necessary for continued mainte- 
nance of existing utilities, and the wise operator will put his plant in 
condition to serve without major additions. Water works men are going 
to learn that priority is going to affect other things than silk stockings; 
witness the limitation to maintenance and repairs of Preference Rating 
Order P-46, recently distributed from the office of the American Water 
Works Association. 

Judging from the economic backwash of the First World War, 
the years of defense activity will be followed by a considerable period 
of unemployment and Federal taxes higher than those registered in 
the Act recently passed, and municipal budgetting will be more con- 
cerned in cutting expenditure to the bone than in long-time planning— 
and this regardless of public convenience as measured by past 
standards. 

The foregoing comments are not an argument against the adoption 
of the improved budgetting method proposed by Mr. Parker. They 
simply indicate that its effectiveness for some years to come will be 
discounted by continued abnormal conditions. 

As a sidelight on the budgetting problem, reference may be made 
to the improvement in Massachusetts municipal finance which has 
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occurred in recent years—in no small measure due to the good work 
done by the Director of Accounts in the Department of Corporations 
and Taxation. Many of us have, at times, differed with his decisions, 
but there is no question but that the authority delegated to his office 
has improved municipal budgetting. This control, together with the 
mandatory requirements of serial payment bonds and the limitation of 
bond periods for various services as specified in Chapter 40 of the 
General Laws are in large part responsible for a reduction of some 
$60,000,000 in the total Massachusetts municipal debt from its high 
point some years ago. 
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HILL, NEW HAMPSHIRE—A PLANNED TOWN 
BY JOHN L. HAYDEN* 


[Read March 19, 1942.]} 


With all the expansion of government and defense housing, Hill, 
N. H., stands out as unique among planned towns. Hill has re- 
established an old community in a new location. It has literally traded 
in its old village for a new one, complete with homes, stores, factory, 
school and town hall. Moreover, it has combined overall planning 
with the exercise of personal taste in home design. 

In 1938, Federal Flood Control hit the old village of Hill as 
effectively as a bombing raid. A reservoir was authorized which would 
obliterate the entire town. This has happened before to other towns. 
The destruction of war is creating the same problem in thousands of 
communities all over the world. To some towns, it has meant the 
death of the community as a civic unit. To the people of Hill it 
meant an opportunity to re-create a better village in a better loca- 
tion—to preserve historic town traditions going back to 1768—and 
to hold together a friendly, neighborly village group. 

What Hill has done with this opportunity has made it famous 
all over America. Thousands of tourists have stopped to see the 
amazing new village of Hill. Hill is the kind of village you dream of 
living in when you retire—trim little white houses overlooking lake 
and hills, with all the conveniences that make living easy, located near 
the heart of New Hampshire’s vacation land, with fine fishing and 
skiing only a short drive away. The author has had an opportunity 
to watch the growth of Hill, from behind the scenes, through the work 
of his firm as engineering consultants to the town. 

Faults of Old Hill Have Been Avoided. The old village of Hill 
on the Pemigewasset River with its ancient houses was strung along 
two miles of Highway 3A between Franklin and Bristol. Hill was 
a picturesque town, though more because of its age than by design. 
Like most old towns, it just grew. The main street probably followed 
a hunters’ or traders’ trail to the north, but once the pioneers located 
it, the sum total of town planning for two centuries was completed. 
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In 1930, the township consisted of 120 families, of whom three- 
quarters lived in the village. Its “ribbon” plan is typical of most 
smaller towns built during the horse era. The old town had no center, 
civic or otherwise, on which to focus. Stores and commercial develop- 
ment squatting between home and home were an intrusion on the 
beauty of the town. These faults have been avoided in the new Hill. 

Flood Control Dooms Old Hill. Old Hill was doomed when a 
dam was authorized at Franklin Falls to control the Pemigewasset, a 
tributary of the Merrimack. In summer, the quiet Pemigewasset is 
one of New England’s most beautiful rivers. In spring, melting snows 
of central New Hampshire and the White Mountains often convert it 
into a raging torrent which pours into the Merrimack and inundates 
downstream cities. For some years prior to 1938, the Federal Gov- 
ernment had studied possible flood control measures for the New 
England rivers, particularly the Connecticut and Merrimack drainage 
areas. The damaging floods of 1936 and 1938 made the project 
appear an immediate economic necessity. 

Government studies showed that the principal unit of a system 
of reservoirs to control floods in the Merrimack valley should be 
located on the Pemigewasset River, 2.8 miles above its confluence 
with the Winnepesaukee River and 2 miles north of Franklin, N. H. 

Reservoir Controls 1,000 Square Miles of Drainage Area. Con- 
struction of the dam was started during the latter part of 1939. The 
project will be completed during the late summer of 1942. The de- 
tention reservoir has a tributary drainage area of 1,000 sq. miles, 
including a large part of Grafton County, and a considerable propor- 
tion of the White Mountain area west of the Saco River watershed. 
It covers an area of 2,950 acres, and has a storage capacity of 170,000 
acre-ft., equivalent to 3.2 in. of run-off. 

The dam is of rolled earth fill with dump rock shell. It is 
approximately 1,700 ft. long with a maximum height of about 40 ft. 
The gross volume of fill in place is 3,500,000 cu. yd. The spillway 
is designed for 210,000 c.f.s., or nearly three times the maximum flow 
on record, estimated at 76,000 c.f.s. in 1936. 

When the dam was proposed, it was evident that the surrounding 
community would be little affected. Old Hill, however, was practically 
in the middle of the projected reservoir. The elevation of the town 
was 342 ft. above sea level; the flood crest of the dam was 395 ft. 
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This would flood the entire village with 50 ft. of water—enough to 
completely cover most of the buildings. 

Hill Votes to Rebuild the Village. When the people of Hill 
learned that the destruction of their village was inevitable, they faced 
three alternatives: They might just let the old town die, as so many 
other doomed towns have done, each family taking its share of Federal 
compensation and settling elsewhere; they might build a new Hill 
on the hit-or-miss pattern, with all the faults of the old, but without 
its charm; and the community might codperate to build a new model 
village planned for safe, comfortable, economical living in a motorized 
age. 

Town officials turned to the New Hampshire State Planning and 
Development Commission. After considerable study, Frederick P. 
Clark, Director of the Commission, presented his report at a Town 
Meeting in December, 1939. He expressed his belief that a soundly 
planned community was the only kind Hill could afford. He made it 
clear that this was Hill’s own undertaking. He warned of the many 
difficulties, financial and otherwise, that would have to be overcome. 
When a vote was called for, it was unanimous to go ahead with the 
planned village. 

The basic plan of the re-created Hill was prepared by the Com- 
mission who advised the town to engage competent architectural and 
engineering consultants to handle the public buildings and public 
utilities. Our firm was retained to plan and supervise the construction 
of the water works and all other public utilities. 

Hill Approves its Town Plan. After Hill had decided to go ahead 
with the new planned town, the next step was to show the towns- 
people what kind of a village they would get. Persuading 30 or 40 
separate families to approve a village plan—no matter how well laid 
out—is a real job of codperative selling. 

Because many had no experience with blueprints, perspective 
drawings and scale models were used to show everyone just what the 
new village would look like. These were explained and re-explained 
until everyone concerned understood them and fully approved. Hill 
thus became uniquely the people’s own town. It was not something 
imposed on them by outsiders but was the result of their voluntary 
choice. Because of this, community spirit has grown to an aggressive 
force which seems to assure Hill’s continued success. It is a com- 
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pliment to the thoroughness of the Commission’s experts and the con- 
sultants involved, as well as to the understanding and codperative 
spirit of the townspeople, that the original plans have been followed 
practically without change. 

A Village Designed for a Motor Age. The Commission’s plans 
or an airplane view of completed Hill show a new kind of village, 
designed to meet the needs of a motor age. See Figures 1 to 3. 


LIMITS OF 
FLOOD 


FRANKLIN FALLS Dam 
4 MILES DOWNSTREAM 


Fic. 1—Wuite Lines SHow How THE New FtLoop Controt RESERVOIR WILL ENGULF 
THE Town oF Otp Hitt. THE New VILLacE, on HicH Lanp, WILL BE ON THE 
SHORE OF THE RESERVOIR, AFFORDING SPLENDID VIEWS OF THE LAKE 
AND HItts. 


Though the town is located on the new Route 3A, a through traffic 
artery to vacation country, there are no homes on the main highway. 
The town has taken care that there never will be any. A greenbelt 
on both sides of the highway is owned by the town and zoned as a 
permanent building-free area. 

The entire village is located on one side of the highway. There 
are no dangerous pedestrian or automobile crossings. Everyone lives 
comfortably away from highway traffic—far from the noise, smells, 
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and danger. People can visit neighbors, shop, go to church or town 
meeting, or take pleasant walks without coming near the main road. 
Children can go to school and to their playground without danger 
from speeding motorists. 

Village Focuses on Civic Center. The new village focuses on the 
civic center, with a town hall and grade school already built, and a 
union church planned to serve the parishioners of the two churches 
in old Hill. These buildings are reached from the main highway by a 
semi-circular main road which curves in to the civic center, then back 
to the highway. The residential district is on high ground behind the 
civic center. 

Passing motorists will remember Hill by their glimpse of the 
white colonial town hall reflected in the water of a natural pond beside 
the highway. The glass cupola of the town hall is illuminated at 
night and is a landmark for miles around. The pond is attractively 
landscaped with trees and grass. Few villages in America present 
such an attractive appearance to visitors or have a civic center so 
convenient to the homes in the village. 

Shopping Center is Convenient to Town and to Visitors. The 
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Fic. 3—AIRPLANE VIEW OF THE NEW HILL with RESIDENTIAL STREET IN THE FOoRE- 
GROUND. IN THE MIDDLE Is THE Civic CENTER WITH TOWN HALL AND SCHOOL 
on CurRVING MAIN STREET. THE THROUGH HicHway Is SHOWN 
AT THE LEFT. 


shopping center is located on a bypass near the highway, on the south 
side of the village. The stores are housed in an attractive colonial 
arcade which harmonizes with the town hall and the overall village 
plan. Only one store of a kind is permitted, and new stores must be 
approved by the town before they can occupy space in the arcade. 
Hill is thus protected against the hodgepodge of commercial buildings 
that make so many town centers unsightly. 

Unlike village stores built during the horse era, Hill’s shopping 
arcade has wide parking space, away from high speed traffic. This is 
a convenience to townspeople who do not have to enter or cross the 
main highway to shop. A gas station on this bypass serves north- 
bound traffic, and another on the opposite side of the highway serves 
southbound. This increases local business, and also reduces the need 
for cars to cross opposing lines of traffic. 
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Hill’s Industry is Needle Manufacture. While old Hill had sev- 
eral small manufacturing plants, its chief units were the needle factory 
and the crutch factory owned by Edward Amsden, a selectman of Hill. 
Mr. Amsden’s foresight and energy contributed much to the success 
of the new Hill. His crutch factory was situated on high enough 
ground so that it could remain in its old location. The needle factory 
has been moved into a new building on the main highway at some 
distance from the village center, and not far from the shopping arcade. 
Many of the townspeople are employed in these two plants which are 
now operating at capacity on war orders. 

With these industries, Hill is a splendid example of the combi- 
nation manufacturing and farming village that many authorities have 
advocated as one solution of our peace-time industrial problem. 
While the half-acre lots in Hill are not farms, they are large enough 
for subsistence gardens. Those who wish can supplement their in- 
comes by raising vegetables for the table and for preserving. Several 
families have full-sized farms close by the village. 

Recreational Areas Provided for All Age Groups. Unlike old 
Hill, which had virtually no public play spaces, the new Hill takes full 
advantage of its location in the heart of a vacation state. Approxi- 
mately half the village is publicly owned, giving a feeling of spacious- 
ness, and guaranteeing that the village can never become overcrowded. 
Public paths connect all village areas. Large recreational areas are 
provided for all age groups, adults as well as children. The children’s 
playfield is directly accessible from the grade school. No street need 
be crossed in going from one to the other. Among its attractive fea- 
tures are a pole-roofed shelter, a rock-lined pool, and well-equipped 
game courts. 

Homes are Individually Built. On a sightly knoll behind the 
Civic Center is the residential section. The houses, each on a half 
acre or more of land, are located on curving roads planned to fit the 
topography, and to provide attractive views of the reservoir and the 
White Mountain foothills beyond. 

Hill is the exact opposite of a mass-manufactured housing proj- 
ect. The people have been able to express their own individuality 
in their homes. Each family has built the size and kind of home it 
wants, subject only to loose deed restrictions such as minimum cost 
and colonial design. Some were architect designed, others were built 
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from stock plans; four or five were moved from the old village. No 
two houses are alike, although they all are tied together by their colo- 
nial design. 

The new houses are well built and well suited to modern family 
sizes and habits. A comparison between the houses of old Hill and 
the new village is an interesting commentary on changing social 
habits. Many of the old houses were large enough for the big families 
of the older days. They had large kitchens and barns, and during 
bitter New England winters, were drafty and hard to heat. Most of 
the houses in the new village are small and trim, suited to today’s 
smaller families, and far easier to heat and keep up. Only a few 
cost as little as the $2,000 minimum. The average cost is around 
$4,000 for the house and lot. Most are modernly equipped through- 
out, with landscaping well started. 

Land Speculation Was Prevented. Naturally, a complete new 
village could not be built without many difficulties, financial and 
otherwise. But Yankee ingenuity, aided by codperation from state 
and financial authorities overcame every hurdle. As an example, you 
might wonder how Hill could prevent real estate speculators from 
buying up all likely village locations, for exhorbitant profits. The 
town fathers anticipated this difficulty by a counter attack. When the 
speculators arrived, they found three leading citizens had beaten them 
to it. They had already secured options on all available land and 
formed a non-profit Improvement Association to handle sales. 
Through their foresight, buyers have been able to secure building lots 
for around $150 to $250, with the privilege of getting their money 
back if they do not build within a year. 

Economies in Planning and Construction. The town of Hill, like 
the home owners of the old village, is receiving compensation from the 
Federal Government for abandoned roads, bridges, public buildings 
and utilities, including the old water works system. Still, funds were 
limited, and creation of the new village called for many ingenious 
short cuts in planning and economies in building. 

Street layout was arranged with the contours of the land. Only 
two very minor cuts and fills were required. Length of streets was 
held down to a total of 1%4 miles as compared with 2!4 miles in old 
Hill. Public utilities such as water, sewer and electrical conduits 
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are laid under a grass strip between sidewalk and pavement, elimi- 
nating ripping up pavement for maintenance or repairs. 

Cost of public buildings had to be kept low, yet more space and 
improved facilities were required. The new town hall, for example, 
is commodious, and modern in every detail. On the first floor are 
offices, hall, and library. In the basement, the fire engine and main- 
tenance apparatus share the garage, and there is a kitchen and dining 
hall where many a town get-together and supper have already been 
held. Construction is typical wood frame on concrete foundation, 
with wooden roof trusses. Interior walls are of unfinished fibre board, 
with a pine wainscot in the auditorium. Roof is of asphalt shingles. 
The total construction cost was held to under $16,000. 

Water Works System Planned to Give Greatest Value for Money 
Spent. Like public buildings, roads, recreation facilities and homes, 
the water works system and other public utilities were planned for the 
new village on the same principle of getting the greatest value for the 
money spent. 

The old town had a gravity system, supplied hv a small booster 
pump. It had as its source a pond on Needle Sho, ook. The dis- 
tribution system consisted of a maze of privately owned water systems 
finally brought together in one town-owned system. The pipe sizes 
ranged from 2 to 12 in. Every conceivable kind of pipe was used, 
including wood-stave pipe and pipe made of logs with the core hewn 
out leaving a shell approximately 2 in. thick. 

Obviously, this old distribution system could not be saved, and 
because it was not found economically feasible to use the old source 
of supply for the new town, the entire old water works system was 
abandoned. 

The planning problem of the new water works system was com- 
plicated since no one knew how many people would go to the new 
village. It was finally decided to design the new system for a popula- 
tion of 800. This provided ample reserve capacity for any growth 
that could be expected, and with an additional well, the new system 
would have five times the capacity of the old. 

Well and Pumping Equipment. The water supply source is a 
gravel-packed well located about one mile northwest of the center of 
the village. It is approximately 40 ft. deep, with a 16-in. inner casing 
and a shutter-type screen 12 ft. long. Pumping equipment includes a 


1 
+ 
: 
: 


HAYDEN. 211 


multi-stage, deep well, turbine-type pump of 115 g.p.m. capacity 
against a 220 ft. head. The pump is driven by a 10-h.p., 220-volt, 
electric motor, with a gasoline engine for standby motor power. The 
pumps are automatically operated from pressure-switches, mounted 
on a control panel, with indicators for determination of consumption 
of water, pressure, height of water in the stand-pipe, and time clock. 

The pump house is constructed with a concrete foundation, brick 
structure, and a concrete slab with roof scuttle for removing equip- 
ment. 

Construction of Standpipe Complicated by Difficult Terrain. The 
standpipe is located on the side of Huse Mountain, across the highway 
from the village. It is of welded steel construction, 36 ft. high by 36 
ft. in diameter, with a capacity of 274,000 gal. Every steel plate and 
all concrete for the foundation had to be carried up the sheer, wooded 
side of Huse Mountain in winter, greatly increasing the difficulties of 
construction. A bulldozer was used to slide the 20-ft. steel plates over 
the snow. The trail was so rough and steep that one sheet got away 
and slid down the mountainside. Fortunately, means were found in 
Concord for re-rolling. 

Concrete was mixed at the bottom of the mountain, and carried 
up the steep trail in a bucket-type bulldozer—one of the only two of 
its type in New England. 

Distribution System. The water distribution system consists of 
about 3,000 ft. of 8-in., and 12,000 ft. of 12-in. transite pipe. Hy- 
drants are set at 350-ft. intervals to give complete fire protection for 
the entire town. 

Cost of Water Works. The town issued twenty year bonds in 
the amount of $40,000 to finance the construction of the water works 
system. Two separate contracts were let for the system. Contract 
one, including the distribution system and standpipe, cost $28,684. 
Contract two for the gravel packed well and imping station, cost 
$10,260, making the total cost $38,944. 

A Worth- While Town to Visit. If you visit Hill, you will find a 
combination you never saw before—a 1942 model of town planning, 
yet retdining all the best characteristics of a typical New England 
village. 
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CLEANING, STERILIZING, AND INCORPORATING THE 
AMOSKEAG MILLS WATER SYSTEM INTO THE 
MANCHESTER, N. H., CITY SYSTEM 


BY PERCY A. SHAW* 
[Read May 21, 1942.] 


The Amoskeag Manufacturing Company. The Amoskeag Manu- 
facturing Company was a cotton and woolen manufacturing company 
situated on both banks of the Merrimack River in Manchester, N. H. 
It was the largest cotton mill in the world. The plant extended along 
the river, on both sides, for a distance of about one and a quarter 
miles. The buildings covered an area of about 100 acres on the 
East side of the river and 70 acres on the west side of the river. 
The area was closely covered by buildings, two long canals, railroad 
sidings, running the full length of the yard on both sides of the river, 
and the Company’s own streets. Floor space in the buildings had an 
area of about eight million square feet. The Company had its own 
hydro-electric and steam-generating plants and did its own finishing, 
bleaching and dyeing. The first mill in Manchester that carried the 
name Amoskeag was established about 1810. 

The Amoskeag Water System. This great mill property also had 
its own water supply, taking water from the Merrimack River above 
the dam and from the Upper Canal. There were four large-capacity 
pumping stations; one was used for normal pumping into the system, 
the other three for fire service. Water was pumped direct into the 
system with the excess going into an 11-m.g. storage reservoir on the 
hill east of the plant. There were in the plant also two 5-m.g.d. rapid 
sand filters used for clarifying water for process purposes. 

The water piping system included over 12 miles of mains from 
4 to 24 in. in diameter. Included in the system were several miles of 
14-in. mains running through the Company’s streets up and dpwn the 
river. Before the 1936 flood, there were several ties across the river 
on bridges. After the flood, the only connection was a 20-in. main 


*Superintendent and Engineer, Manchester Water Works, Manchester, N. H. 


: 
i 
g 


SHAW. 


under the Merrimack River, near the center of the property, at Bridge 
Street. Only drinking water was taken from the City mains and this 
was piped through the mills through very long small-diameter 
wrought-iron pipes. 

The Amoskeag system was connected to the City supply for 
emergency purposes at several points. There were two 14-in. and 
one 8-in. cross-connections; these were protected by double bronze 
check valves. ‘The Mill system pressure was about 20 Ib. per sq. in. 
less than that in the city’s low-pressure system with which the mill 
system was connected. 

Disposal of Amoskeag Property. In 1936, this huge manufac- 
turing company was forced into bankruptcy. When it appeared that 
the machinery would be sold for junk and many of the buildings torn 
down, robbing the city of Manchester of its principal source of in- 
come, local business men and banks assumed the risk of purchasing 
the entire property. The corporation set up to accomplish this 
undertaking is known as Amoskeag Industries Incorporated. Carry- 
ing out their purpose to act for the best interest of the city, and to 
keep down expenses, Amoskeag Industries arranged with the Man- 
chester Water Works to take over the Amoskeag Water System and 
supply water in the mill area. By so doing, they avoided pumping 
and other operating expenses, obtained a safe and cheap water supply 
for the businesses which then occupied and which they hoped and 
believed would occupy the mills, and also obtained adequate fire 
protection for the mill area. 

In acquiring this additional water system, the Manchester City 
Water Works obtained the possibility of a considerable increase in 
business, eliminated cross-connections with the river water, and at 
the same time carried out its normal function of supplying water 
and fire protection to an important area of the city. The Manchester 
Water Works took over the operation and maintenance of all outside 
piping, including a good deal of piping not suitable for inclusion in an 
integrated system. One item in the City’s agreement with the Amos- 
keag Industries was to add a step in its water rates, making the price 
for water used in excess of 300.000 cu. ft. per quarter 5¢ per 100 cu. 
ft. The first 100,000 cu. ft. is 10¢ per 100 cu. ft. and the next 200,000 
cu. ft. is 7¢ per 100 cu ft. 

Problems Involved in Taking Over System. There were nu- 
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merous problems involved in supplying water to this system, which 
had been in use, carrying river water, for more than 70 years. We 
did not have to worry about having a sufficient supply of water from 
our source, Lake Massabesic, or about adequate mains and reservoir 
capacity; but the Mill System had to be more adequately connected 
with our system in order to give satisfactory fire protection. The 
Amoskeag Industries in 1938, when we were planning to take over, 
was pumping about a million gallons of water per day into the mill 
area, although the area was less than half occupied. This indicated a 
very large amount of waste and leakage, which had to be found and 
stopped. The best plans available were those of the Fire Under- 
writers; even these were general and incomplete, and there were no 
plans of inside piping. This meant that we had to survey the pipe 
system outside and in, which, when you consider that there were 180 
acres of floor space was something of a job. It was also necessary to 
separate mill-use piping from fire-service piping in many places, and 
to so rearrange piping that use of water could be metered tc the 
different companies occupying the buildings. Planning for this piping 
was done by the Water Works. Plans were submitted to the cus- 
tomers and the piping done by them. Meters from 34-in. up to 8-in. 
and 12-in. fire-service meters with compound by-pass were installed. 

But our most important problem was cleaning and sterilizing 
these old mains and the miles of mill piping. There was some ques- 
tion as to whether this could be done or not. An estimate of cost for 
new mains showed an unwarrantedly high cost, considering the pros- 
pects for business as they were at that time. Repiping the mills was 
out of the question. 

Interconnection with Manchester System. Problems of inter- 
connection with the City system were solved in the following manner. 
The 11-m.g. equalization and settling reservoir was abandoned. This 
seemed wasteful to many; but it was 45 ft. in elevation below the 
City’s low-pressure reservoir, and its use would have required setting 
up a third pressure level which would have seriously complicated our 
operations. The fact that we already had distribution storage of 36 
m.g. in our high- and low-pressure reservoirs also had a bearing on 
this question. 

The first step in connecting the two systems was the construction 
of a 16-in. main 1283 ft. from the 14-in. main in Elm Street to connect 
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with three 14-in. mains running parallel to the river in company 
streets on the east side of the yard. This main was run down Stark 
Street, crossed under the main line of the Boston and Maine Railroad, 
under two railroad sidings, and through two canals. When this 16-in. 
main was completed, gates were shut at the points of cross-connection 
and we were ready to feed the Mill System with City water through 
the 16-in. main. An 8-in. meter was set in a by-pass to this main at 
Canal Street to measure the flow into the yard and help us in our 
reduction of waste and leakage. 

The 24-in. pumping main to the Amoskeag Reservoir was later 
connected into our high-pressure system. Connections of the yard 
system were made to our high-pressure system through 12-in. and 
16-in. pressure-reducing valves. These were set to supply water to 
the Amoskeag System, and later our entire low-pressure system, with 
a 10-lb. per sq. in. drop in pressure. 

Mains in company streets and between groups of buildings were 
accepted as city, or public mains; about eight miles of such piping 
was accepted for incorporation into our system. The remainder of 
the piping, supplying single buildings or groups of buildings was con- 
sidered as private, or mill piping. A considerable length of old piping 
was abandoned, and some new connections between mains were neces- 
sary. The hydrants in the yard were nearly all single-hose connection 
hydrants. There were 360 of these hydrants of which the city took 
over 163. Twenty-seven were eliminated and 170 allocated to cer- 
tain building areas as private hydrants. 

Location Surveys and Plans. While the 16-in. main was being 
constructed, three parties started location surveys of the pipe system 
inside and outside the buildings. Large-scale drawings were made 
of each building, all of the piping traced, located and drawn on the 
plans. Such a jumble of city water, mill-use, sprinkler, steam, and 
air piping no one ever saw outside an old cotton mill. Both inside and 
outside piping systems had just “growed up” like Topsy. We 
are still not sure where some of the yard piping is. In making con- 
nections to it, we have found both horizontal and vertical offsets, put 
in to avoid other piping and similar obstacles. An estimate, based 
on measurements made in typical buildings, showed that there were 
over 150 miles of inside water piping varying from 8 to 1 in. in diam- 
eter: this includes the sprinkler system. 
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Cleaning Old Mains. The next job on the program was cleaning 
the 10 miles of mains kept in use and the more than 150 miles of 
inside piping. This pipe had always carried river water and was 
partially filled with silt. At all times when cutting into this system 
and when cleaning it, our operations were handicapped by the fact 
that many mill areas were in use and their requirements had to be 
considered. 

The question of using mechanical cleaning devices naturally 
came up; but due to the fact that locations were somewhat indefinite 
and offsets and bends were many and not located, we felt that the 
use of mechanical cleaning would require too much digging for “go 
devils”, and that mechanical cleaning should not be used unless the 
system could be cleaned in no other way. 

We had 11 m.g. of water on hand in the Amoskeag Reservoir, 
and we used nearly all of it in flushing out the main pipe system 
through the hydrants. Several hydrants were opened at a time in 
order to get a scouring velocity in the mains. The visual results of 
this first flushing were large quantities of mud and tubercles. When 
this flushing was over, no river water was again put into the system. 

We then flushed the entire system using city water. Wherever 
possible, this flushing was done in the direction opposite to that when 
river water was used; with the city water we also had 20 Ib. per sq. in. 
more pressure. This second flushing produced little mud, but large 
quantities of coarse material. Fire-flow tests indicated that the mains 
were comparatively clean: later, rapid travel of chloramines attested 
to the freedom of the mains from vegetable or other absorptive 
matter. 

Disinfection. With the outside piping cleaned, or at least well 
rinsed, we were ready to disinfect it. The entire mill system on both 
sides of the river was now fed through our new 16-in. line connected 
at about the center of the system on the east side. All of the water 
normally went through the 8-in. fire-service meter, arrangements 
having been made to have the main valves opened in case of fire. 
Over this main was constructed a small building to house the chlori- 
nating apparatus. This equipment consisted of two electrically-oper- 
ated “Proportioneers” pumps, one for chlorine and one for ammonia. 
The solutions were mixed to the desired strength in 20-gal. crocks 
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and fed from them. A blind man could have found this chemical 
plant if he got within 150 ft. of it. 

For our chlorine we used a 12!4% sodium hypochlorite solution 
and for ammonia 29% B. E. ammonia solution. We used special 
rubber tubing for connections between the solution tanks and pumps, 
and copper tubing for discharge into the main. The copper worked 
all right for a temporary hook-up but showed corrosion. Taps in the 
main were 8 ft. apart with the chlorine going in ahead of the am- 
monia. The plant was operated 24 hours per day from the time it 
was started until the completion of the preliminary disinfection pro- 
gram. Due to the continued program of drawing this highly chlori- 
nated water into the mains and mill piping, it was necessary that 
this chlorinating process should be a continuous operation from the 
time of starting until the time of completion. The proportion used 
throughout the disinfecting program was two parts chlorine to one 
part ammonia. Chloramines were used instead of chlorine alone as 
we anticipated difficulty in getting plain chlorine residuals through the 
entire mill system. 

We planned to vary dosage with the flow, which averaged about 
1 m.g.d. As the water was not used for drinking, we found we could 
use a constant quantity of chemicals on week days, causing the resi- 
duals to vary from double the calculated strength of 1.0 p.p.m. at 
night, to about one-half strength or 0.5 p.p.m. at peak flows. A 
stronger solution might have worked more rapidly but could not 
be used on account of the industrial use of the chlorinated water. 
Results proved that the amount of chloramines used was sufficient. 

Our survey crews now became disinfecting crews. Hydrants 
were opened to supplement mill use and draw chlorinated water 
through the mains more rapidly. Chlorine absorption was not nearly 
as high as we had anticipated, and residuals traveled through the 
mains perhaps five times as rapidly as we had expected. Probably 
this was due to the mains being cleaner than we had believed. We 
had thought it possible that the chlorinating plant would have to be 
moved to several places in the system to reduce the length of travel. 

With a daily average use of 20 gal. of 124% solution of hypo- 
chlorite and 4 gal. of 29% B. E. ammonia and a daily flow of | m.g.d., 
we obtained residuals varying from 0.15 to 1.0 p.p.m., the residual 
varying with distance from the chlorine plant. The most remote 
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point from the plant was approximately a mile distant through pipe 
sizes varying from 6 to 20 in. Forty-eight hours from the time of _ 
starting, residuals of 0.15 p.p.m. were obtained at this point. We 
also found by test that, after shutting off sections that had residuals 
in them, a high percentage of residual remained at the end of a 30- 
minute interval and that there was a trace at the end of an hour. 

After chlorine residuals had been obtained at all hydrants, work 
was started on the 800,000 lineal feet of inside piping. Much of this 
was 4-in., 6-in., and 8-in. sprinkler and industrial piping. Mill use, 
sprinkler, and hose pipe lines were bled until a chlorine residual was 
obtained at every dead end. Sprinkler lines were the greatest prob- 
lem, because the last sprinkler head on each run had to be removed, 
a hose connected, and the water flushed out of windows. Fire-service 
lines and sprinkler systems were disinfected as a safeguard since, 
in the future, mill or domestic lines might possibly be connected to 
them. 

The stagnant water in the fire-service lines was the color of ink 
but rapidly cleared on flushing. It should be remembered that the 
high chlorine residuals were continued in the main lines throughout 
the time this process was going on, or for about one month. A total of 
470 gal. of 1214% hypochlorite and 116 gal. of 29% B. E. ammonia 
were used for this intial sterilization. The approximate number of 
tests for residual chlorine made through the system including yard 
mains, fire service, and mill-use was about 2000. 

We proceeded with more confidence on this work, because in the 
fall of 1938 we had cleaned and disinfected, by the same methods, 
1600 ft. of main that we had added to our system on the west side of 
the river at that time. Tests on this main after flushing and before 
chlorinating showed the water to be practically free of B. coli. After 
disinfecting, the water was free of B. coli both 24 hours after disin- 
fecting and two weeks later. 

Tests. As the work of disinfecting proceeded, water drawn from 
the hydrants, taps, and sprinkler heads was sent to the New Hamp- 
shire State Board of Health for testing. Water from the mains and 
mill-use taps was practically always free of the coli-aerogenes group; 
occasional samples only containing these bacteria in 10-ml. quantities. 
Other bacteria were usually high in the samples from the mill piping. 
The poorest samples were from hose lines connected to the sprinkler 
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system. These lines had been used to carry river water shortly 
before chlorinating. 

In spite of fairly good results, we were not satisfied with our 
first chlorination; and as we had left our plant ready for just such 
possible use, we proceeded again to disinfect the system. All of the 
lines showing contamination in the previous tests were reflushed 
until residuals were again obtained. A total of 270 gal. of hypo- 
chlorite and 116 gal. of ammonia was used for this second process. 
Samples were again taken, and tabulations of the final analyses 
showed that out of 105 total samples taken only 6 gave positive re- 
actions; of these only 2 showed positive reaction in 1-ml. samples, 
both of these being from sprinkler mains. 

Our procedure may be summarized as follows: we flushed all 
outside piping, first with river water, and then with city water, using 
high velocities. We maintained in this “yard” piping a concentration 
of chloramines showing a chlorine residual varying from 0.15 to 1.0 
p.p.m., for a period of about six weeks. We flushed all inside mill-use 
and sprinkler system piping until a chlorine residual was obtained. 
All lines showing any E. coli were reflushed and a chlorine residual 
again obtained. Drinking water standards were obtained in all yard 
and mill-use piping before the system was declared fit for general use. 

In order to have added assurance that we had accomplished our 
purpose, samples from the contaminated locations were sent to the 
firm of Weston and Sampson, Consulting Engineers, Boston, Mass., 
as well as to the State Board of Health. The judgment of Weston 
and Sampson was that we would have an entirely safe supply. 

During the two and one half years since our customers in the 
mill yard were notified that the water was fit for drinking, we have 
had no difficulty or ill effects of any kind. The greater portion of the 
mill buildings is occupied, and employment again has reached a high 
figure. The rehabilitation of this property has meant a great deal to 
the City of Manchester, and the men who had the courage to accept 
the burden and risk of its revival deserve a great deal of credit. 
Throughout the period of reconstruction and disinfection, we had 
most excellent codperation not only from Amoskeag Industries, but 
from the many occupants of the mill district. The work of incorpor- 
ating this industrial water system into the City Water Works was in 
the general charge of the writer and his assistant, Mr. James A. 
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Sweeney. All cleaning and chlorinating were under the charge of 
Mr. Clarence E. Ferry from whose report to the Water Works much 
of this information is taken. The enormous detail of piping plans 
was in the patient hands of Mr. Charles Ringenwald. From the be- 
ginning we had both the encouragement and codperation of Mr. 
Charles D. Howard, Director of Chemistry and Sanitation, and Mr. 
Leonard Trager, Sanitary Engineer, of the New Hampshire State 
Board of Health. 
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PUBLIC WATER SUPPLY IN THE CIVILIAN DEFENSE 
PROGRAM 


BY R. E. TARBETT* 
[Read April 23, 1942.] 


Since this is a general meeting attended by doctors, engineers, 
and others connected with or interested in public health, I will discuss 
the subject of Public Water Supply in the Civilian Defense Program 
in rather general terms at first and then, for the benefit of water 
works men present, in more detail particularly as it applies to certain 
essential features in planning and organization. It is not my inten- 
tion to discuss or advise how water works should be operated, mains 
repaired, or water treated during an air raid. I doubt that I could 
bring to water works officials information that would be of great 
value to them on those subjects. 

We are preparing for a performance in the great theater of war. 
In this performance water works should be one of the principal actors. 
Is it cast as a principal and not in a minor role; does it thoroughly 
know its part; has it rehearsed its part with the entire cast so that 
if and when the opening night comes the show will go on smoothly? 

Remember it will be a big audience—our enemies and our friends. 
We will receive both applause and hisses. We must be sure that the 
applause is from our friends and not our enemies. The length of time 
the show will run may depend upon the opening performance. The 
better the performance the shorter the run. 

First let us understand clearly that this country is organized to 
fight an offensive war. All of the resources, both military and civil, 
are being devoted to this end. This means that material, equipment, 
and supplies necessary for normal operations, let alone emergency 
operations, must be curtailed, and military defense for our cities like- 
wise curtailed. We must, therefore, plan to take whatever comes and 
handle it in the best way possible. In this connection, I wish to 
quote from a speech made by Director Landis March 19, 1942: 


“Every student of American history knows Stonewall Jackson’s Valley Cam- 


*Senior Sanitary Engineer, United States Public Health Service, Washington, D. C. 
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paign, and remembers how his threat to the city of Washington drew Federal 
troops away from the fighting front in Virginia. Insofar as our powers go as 
civilians we cannot permit the enemy today to pursue that tactic, and by our 
fears of what may happen to the home front to divert men and guns and planes 
from the fighting front abroad. If that tactic is pursued by the enemy, we must 
be prepared as civilians to stand and take it with the least possible interruption 
to the fighting economy that we have now built. As civilian defenders we 
must thus not only organize ourselves to protect ourselves but build so strongly 
behind the battle line that to the men at the front will echo the knowledge that 
offense can freely be theirs for defense is firmly in hand.” 


Naturally we hope that no city in this country will have to suffer 
the experience of a bombing, but don’t let wishful thinking lead to a 
state of mind that “It can’t happen here.” Better let this thinking 
be along the lines that it will happen here. That it will happen is 
perhaps believed more firmly in this section than in many others. 
This is evident from the fact that you are somewhat further along in 
the civilian or passive defense program than are many other sections 
of the country. Nevertheless I believe you still have much to do in 
effecting a smooth running organization that will be able to cope 
efficiently with any emergency that may arise. 

For efficient operation of a municipal organization, the various 
activities that are carried on through regularly constituted agencies 
must be properly integrated. If this is necessary in normal times, it 
becomes much more necessary in times of emergency. In preparation 
for a possible bombing some new activities are being developed and 
duties of regular agencies expanded. In your planning are you con- 
sidering how these activities should be created or expanded, the rela- 
tionship of each to the other, the expansion of existing constituted 
agencies rather than the creation of new ones, and the like? It should 
net be forgotten that regularly constituted agencies are charged by 
law with certain duties and must continue to carry out these duties 
during emergencies as well as under normal conditions. 

Too often the civilian defense planners are carried away in their 
enthusiasm to the extent that they forget that their defense program 
should be developed upon and around the existing regularly consti- 
tuted agencies. They appear to consider that civilian defense is 
something new and that all activities must be built from the ground 
up. I hope you are not making this mistake: There is a certain 
amount of excitement and glamour connected with organizing, train- 
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ing, and preparing for emergency activities. The first bomb to fall 
will in all probability explode a great deal of this. The actual work 
will be hard, dirty, and dangerous. 

Thus far I have said little about water supply which is, of course, 
one of the activities that is very important from the civilian defense 
standpoint in any community. To this audience I need not stress 
the importance of maintaining at all times an adequate supply of 
water for fire fighting and domestic use and at the same time a safe 
water for human consumption. Have you stressed the importance of 
water supply to your Commander, Citizens Defense Corps? To him 
it may mean only shutting off a few valves which he thinks anyone 
can do, or repairing a few broken mains which can also be accom- 
plished by repair squads set up under his direction. I say have you 
stressed the importance of the public water supply in the defense 
program to your director, because my observations have been that 
sometimes too little consideration has been given to it in the general 
planning for defense and that a rather vague idea exists in the minds 
of some as to what is involved in maintaining the supply. 

Water works and health officials should not be hesitant, in fact 
they should be insistent in demanding that proper consideration be 
given in the over-all planning to this very essential activity; and that 
it is not an activity for untrained men to play with but must be car- 
ried on under the regular water department with personnel trained 
under its direction. 

A little thought on the subject of public water supply will lead 
to the conclusion that the whole civilian defense program is based 
on the maintenance of the supply. I can go back into ancient history 
to show that control or destruction of the water supply by the enemy 
was more effective than other military operations. I say I can go 
back into ancient history, but recent occurrences are too fresh in all 
our minds to require any historical references. Whether it be capture, 
or destruction, or both matters little so far as the defenders of a 
city are concerned. 

We have often compared a community to a human being and 
have referred to the water supply as the life blood of the community. 
In the case of an air raid, the analogy between a community and an 
individual is rather striking, because somewhat similar procedures, 
only under different names, are followed. The water distribution 
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system of a city is similar to the circulatory system of the human 
body and has its main arteries and its venous system. When a bomb- 
ing occurs the medical first aid squad is immediately dispatched to 
the scene of the incident. Likewise a water first aid squad is also 
dispatched. These first aid squads, both medical and water, do much 
the same to their patients. They attend the most serious first, giving 
such aid as possible, pending proper treatment later. It may be a 
tourniquet in the case of a human being, and the closing of a main 
water artery in the case of water. But a tourniquet cannot remain 
on long, neither can a control valve on an artery of a water system 
remain closed for long without danger to the patient. The only dif- 
ference is in time, one being a few minutes, the other a few hours, 
or at the most a very few days. Regardless of the extent of the in- 
jury, the human patient generally receives a shot of anti-tetanus 
serum. Likewise a shot of chlorine is necessary to our water supply 
patient. We can carry the analogy still further. Blood banks are 
being established in order that blood for transfusion purposes may 
be readily available. Our water works patient may also have lost 
too much of the liquid that flows in its veins and may, therefore, need 
a transfusion from some auxiliary source. Blood for transfusion must 
be prepared in advance, auxiliary sources of water must also be ar- 
ranged for in advance. 

We must prepare in the water works field just as in the medical 
field if the results of a bombing are to be met and our citizens indi- 
vidually and collectively are to receive the treatmen: that they have 
every right to expect. 

In the disasters that have occurred in the past, water works offi- 
cials have been quick to aid their neighbors. In a disaster due to 
an air raid you will still find this same willingness to aid as in other 
disasters, but it will be difficult to do. For this reason, prior planning 
for mutual aid is desirable, in order that this aid may be provided 
promptly and without confusion. To us, a bombing is a new type 
of disaster and will require somewhat different planning from that 
to which we are accustomed. Under the mutual aid scheme, group 
planning is provided for, and this appears to be a very desirable pro- 
cedure. Priorities in obtaining supplies and materials bother us and 
probably will until the end of the war. With a mutual aid plan, we 
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have a pooling of materials, supplies, and equipment which can be 
promptly made available where and when needed. 

This mutual aid plan for water works as it is being developed in 
the various states is not new in New England, since it originated in 
Massachusetts. As you all know, this plan applies to groups of com- 
munities but should, if carried to its logical conclusion, include assist- 
ance to the local water works and defense officials in their planning, 
since the job of maintaining the water supply of a community is after 
all the duty of the local officials. 

I am not worried about local water works officials and engineers, 
so far as technical ability is concerned. However, I am not sure that 
in all cases they have a thorough understanding of the over-all 
civilian protection program and how their services should be integrated 
into the general pattern of defense in the local community. Unless 
this is done, these officials will find themselves working at a disadvan- 
tage or unable to function at all when the time for action arrives. 

I know that water works officials generally have been taking 
those steps necessary to protect their properties from any action by 
subversive groups, and I need not discuss this part of the program. 
I do feel that water works officials have not given sufficient thought 
to what could probably happen even with a token bombing. In one 
area where this question has been considered, it has been assumed that 
a token raid would involve at least forty bombers, that at least 20% 
of the bombs would fracture mains and that 80 breaks would occur 
within a very limited time, one for each 37 miles of mains. On this 
assumption, the officials in this area have prepared their plans. 

An article by Norman J. Howard entitled Defense of Water 
Supply Works, in the American Water Works Association Journal of 
September 19, 1941, states: 

“In one city, which has had fairly effective protection against air attacks, 
breaks in the distribution system have occurred at the rate of 1 per 100 miles of 
main per day, over a period of several months. In another city, where the de- 
fense against air attacks was very inferior, there were attacks of such intensity, 
over a two-day period, that water mains were broken at the rate of 1 break per 
linear mile per day.” 


Under the heading of “Air Raid Damage” in a publication of 
the Metropolitan Water Board of London dated August 1941 the 
following statement was made: 
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“Since the commencement of the aerial bombardment of the Metropolis 
approximately 6,000 mains have been damaged including more than 800 of 12 
inches diameter and over. The severity of the raids during September and 
October is reflected in the fact that by the end of the latter month 3,425 
mains had been damaged. Of these 403 were trunk and/or feeder mains. Of 
this total number no fewer than 2,807 had been repaired by the 31st of October, 
or an average of 370 mains per week. Two heavy raids were experienced in 
April 1941 when 464 mains were damaged, including 74+ trunk and feeder mains. 
A further raid in May caused damage to 586 mains, of which 74 were of large 
diameter... . 

“The lengths of main broken vary greatly but it is no uncommon experience 
to have four 12 ft. lengths of pipe broken and in certain instances as many as 
ten 12-ft. pipes have had to be used in one repair.” 

While we may not expect raids of the intensity experienced in 
Great Britain, 50 or more breaks with at least 6 or more occuring in 
mains of 12 in. and over in size during one token raid would not 
appear to be an unreasonable assumption. Have you made your 
plans on any such an assumption? 

There are a number of things that it seems advisable for the 
water works officials to consider in preparing for an air raid. 

1. Have you properly integrated your activities with the whole 
defense program? 

If not, you will have great difficulty in functioning during an 
emergency. Remember the Commander, Citizens Defense Corps, has 
charge of all activities-during the emergency. 

2. Have you arranged for a representative of your department 
to be on the staff of the Commander? 

The Commander will need his advice as otherwise he may order 
action that is not compatible with good water works practice. 

3. Have you arranged for notification on an alert so that your 
force may be at their stations before the alarm sounds? 

If not, your force may never reach their stations or will arrive 
so late as to be of little immediate value. 

4. Have you arranged for proper identification of your emer- 
gency force under the civilian defense program so that they will not 
be interfered with by air raid wardens and auxiliary police while 
carrying out their duties? 

If not, you may have no emergency force immediately available 
when and where it is needed. These emergency officials may not 
recognize the usual forms of identification. 
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5. Is your water works control or operating center properly 
tied in with the report or control center set up under the defense 
program? 

In Bristol, England, 95% of the reports to water works were re- 
ceived through the report centers. Usual methods by which reports 
of breaks in water mains are made may not be functioning. 

6. Have you developed your own communication system so that 
it will function during a raid? 

Remember regular telephone service may be curtailed or entirely 
off. 
7. Have you made arrangements for and are you training addi- 
tional forces? 

London was obliged to double its repair and emergency crews. 
In many cases in this country the normal crews might have to be 
trebled. Plumbers, both master and journeymen, appear to be a 
logical group from which to obtain volunteer workers. 

8. Have you trained your own office and field force for emer- 
gency work? 

Office force, meter readers, and the like can be used for gatemen 
and messengers, if not for the more laborious work. Don’t forget 
this requires planning and training. 

9. Have you placed any curb on your employees engaging in 
other activities in the defense program? 

All water works employees should be trained for the emergency 
work of the department and not as air raid wardens and the like. 

10. Are your maps, gate valve locations, and other essential 
data up to date and ready for use? 

You may need this information badly at any time. 

11. Have you checked your gate valves? Do you know that 
they will operate? 

No comment is needed on this question. 

12. Have you scattered your material and equipment at various 
locations? 

A single bomb may bottle up a central yard. 

13. Have you established stations in various parts of the city 
from which gate crews and minor repair squads will operate? 

Gate crews need to be at the incident as quickly as the firemen 
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in order to operate valves and promptly report the extent of damage. 

14. Have you arranged for chlorination squads? 

All mains must be chlorinated before being returned to service 
after repair, and auxiliary supplies that may have to be used must be 
chlorinated before entering the system. This must not be overlooked. 

15. Have you planned with the fire department officials for 
auxiliary supplies for fire fighting? 

This may be essential, as broken mains may limit the amount of 
water immediately available in any area. 

16. Have you made provisions for supplying water to certain 
sections for domestic purposes during periods when water service 
is off? 

Use of water carts or temporary water lines may be necessary. 

17. Have you codperated with the health department in your 
planning? 

Don’t forget that it is responsible for the health of the people. 

18. Have you carried on command post exercises? 

If not, how do you know your organization will function in an 
emergency? 

19. Have you arranged for increased laboratory examination 
of water samples from the distribution system as a regular procedure 
and for a much greater increase following an air raid? 

I do not need to stress the reason or the necessity for this. 

20. Have you arranged to increase chlorine dosages so that 
proper residuals can be maintained throughout the system in case an 
air raid occurs? 

London has done this and maintained a better water bacterio- 
logically than was the case before war was declared. This may mean 
auxiliary or booster stations. Don’t forget that the human equation 
enters the picture and that chlorination of mains before being restored 
to service may not be perfect. 

These are by no means all the questions that I might put to you, 
but if you can answer “ves” to each of these questions I believe that 
your part in the civilian defense program will function properly. 

In this paper I have not attempted to outline methods for main- 
taining service since that is something that water works officials are 
trained and experienced in, nor have I mentioned methods of main- 
taining the bacterial safety of the water delivered to the consumer. 
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You all know the methods and would be expected to apply them under 
all circumstances. 

The responsibility for maintaining an adequate and safe water 
supply at all times, regardless of what may happen, is a great one, 
since the continuation and well-being of the city depends upon it. I 
know that this responsibility will be met here as it has been met 
in Great Britain. But I urge you to be ready and not to be caught 
short. 
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DESIGN AND CONSTRUCTION OF PRELOAD TANKS AND 
DOMES 


BY ANDREW C. LINBERG* 


[Read January 15, 1942.] 


When reference is made to concrete tanks, especially around the 
Northern sections of our country, water works men are too inclined 
to turn thumbs down, and one really cannot blame them for that. 
The history of concrete tanks in this section of the country is such 
that mere reference to the matter calls to mind a picture of the many 
unsuccessful tanks that decorate the New England landscape, monu- 
ments to incorrect application of certain engineering fundamentals. 
New England tanks already built, with few exceptions, have been 
complete failures. They have had to be waterproofed with membrane 
linings, which in turn had to be protected by Gunite, brick or similar 
products, and, in many cases, the concrete has disintegrated to the 
point where the owners have been compelled to discontinue further 
use of the structure. 

These failures have been blamed on various agencies such as 
segregation of and inferior aggregates, water gain, insufficient cement, 
metal joints, and all the other common ailments attributed to bad 
concrete. The real difficulty, in our opinion, however, has been over- 
looked by many. The elongation of circumference in loading, and 
by this we mean the stretch of the band rods, has been far beyond 
the capacity of the concrete in which it is encased, thus causing the 
furmation of numerous cracks, sufficiently large to permit the passage 
of water. During cold weather, this water freezes, with the result 
that the expansion of the ice destroys the concrete. 

We may liken this construction to that of a wood stave tank. If 
we should build such a tank, and, after the staves have been put in 
place, we should tighten the rods only sufficiently to bring the staves 
into contact at their edges, the result would be readily foreseen. ‘The 
filling of the tank with water would exert hydrostatic pressure, the 
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Fic. 1—A “PrRELOAD” Tank 50 FT. IN Fic. 2—THE OPERATION OF LOADING 
DIAMETER AND 100 FT. HicuH. THE Watt Bars. THe Two Lower 
WRENCHES REstst TWISTING OF 
THE Bars. 


hoops would be expanded in circumference, and the staves would 
separate and no longer be in contact. The result is obvious. 

This should not be the procedure, however. To avoid the diffi- 
culties just described the bands should be drawn very tightly around 
the wood staves, the staves not only thrown into heavy compression, 
but the bands subjected to tension almost up to their full loading. 
When such a tank is filled, the rods are stretched a slight additional 
amount, but the adjustment is such that the staves will remain in 
compression and in tight contact at the edges. 

The hoop rods in a conventionally designed tank could, there- 
fore, be likened to the binding of a wood stave tank, wherein the 
bands are tightened only sufficiently to bring the staves into contact. 
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Fic. 3—ARRANGEMENT OF Bars, STANDARD DEFORMED As WELL AS PRELOAD, AT 
Top oF Tank Watts. Tue Top (Looped) PorTIoNs OF VERTICAL PRELOAD 
Rops ARE BONDED TO THE WALL AND THEN LOADED, OR STRESSED. 


The increase in circumference in a wood tank separates the staves, 
while the increase in circumference of the concrete tank separates the 
segments of the walls. Is it not, therefore, logical that if the bands 
are highly stressed, as in a wood stave tank, the concrete would have 
no tendency to crack? This is the theory on which the Preload 
System is based. The concrete shell is first erected with only a 
small amount of reinforcing. This we call the “compression wall”. 
After a sufficient setting period, seldom more than a few days, the 
hoops and vertical rods are installed, and stressed or tightened a 
predetermined amount which is readily computed. 

We all know that when a load is applied to steel reinforcement, it 
will stretch or shorten in direct proportion to the amount of the load. 
Thus, if a load of one thousand pounds is placed on a steel reinforcing 
rod, it will stretch or compress a certain amount, depending on the 
area of the cross-section; if the load applied is ten thousand pounds, 
then the change in length would be ten times as much. Measurements 
have determined exactly how much this change is per pound of 
stress, and it is set up in a figure called the modulus of elasticity. 
The modulus of elasticity for steel averages 30,000,000 Ib. per sq. in., 
and for concrete, about 3,000,000 lb. per sq. in. This figure is ob- 
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Fic. 4—PreLtoap Bars on Dome RING Bertnc Loapep. Note STRAIN GaGE 
on Top Bar. 


tained by dividing the unit stress applied, by the unit of deformation, 
or strain obtained, and is constant up to the “elastic limit” of the 
material being stressed. By elastic limit is meant that point beyond 
which a material will take a permanent deformation. This point, in 
steel, is called the “yield point’, and beyond this is the elastic limit 
which is the amount of applied unit stress beyond which the steel 
will deform rapidly with very little additional stress. Steel for tank 
purposes can be considered safe up to the yield point and perfectly 
elastic up to the elastic limit. 

In concrete tanks of convention design, the stress of steel reinforc- 
ing rods under applied load is a critical factor. Low working stresses 
must, therefore, be used to keep this stretch to a minimum. Steel is ex- 
ceptionally strong in tension, but concrete, for the purpose of design, 
has been considered to have no tensile strength. When steel and 
concrete are bonded together during construction, they must act to- 
gether as a unit. Theoretically, the steel makes the tension and the 
concrete is to be unstrained in this respect. 

But how can this hold true? For each pound of load applied, as 
the tank is filled, the steel will elongate a definite amount, and the 
concrete being bonded to it and subject to the same loading, must also 
elongate by the same amount exactly. Since the modulus of elasticity 
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of steel is ten times that of concrete, the stress ratio is at 10 to 1, 
and the unit stress of concrete under load will be one-tenth of that 
in the steel. If the unit tensile stress for steel is 12,000 lb. per sq. in. 
under load, then the concrete is required to take a unit load of one- 
tenth of this amount, or 1,200 lb. per sq. in, which it is unable to 
do as the tensile strength cannot be more than one-half of this amount; 
the concrete, therefore, breaks. The hope is that the breaks will be 
numerous and the openings small. 

Under the Preload design, practically all the disadvantages stated 
are eliminated or controlled. The trouble has been that steel and 
concrete would not codperate as they were tied together to work as 
a unit and this was impossible. The initial stresses were in reverse, 
and righting them played havoc with the structure. Now we separate 
steel and concrete, and work each to the limit of its capacity; we 
begin with the stresses in proper relation, the steel is actually loaded 
during construction, its friend the concrete serves as a load, and con- 
tinues in this capacity, except when the tank is filled. The weight 
of the fluid then takes over the load and frees the concrete, not en- 
tirely, but to a stress ranging from 200 to 300 Ib. per sq. in. This 
principle applies not only to tanks but also to beams and other types 
of reinforced concrete structures where steel is to be stressed in 
tension. 

To put it in a few words, The Preload System is a method of 
concrete construction whereby the steel reinforcing is preloaded or 
prestressed against the concrete with which it is combined, in such 
a way that the live load causes the concrete to release its compression 
instead of being stressed in tension. Cracking due to loading, shrink- 
age, or temperature changes, is eliminated. 

This system of concrete construction is not new. It was intro- 
duced in the United States, as shown in the Patent Office, way back in 
the eighties. A patent was taken out covering the building of con- 
crete pipes, wherein the steel hoops were stressed by the simple ex- 
pedient of shrinking them on. The rods were heated and immediately 
placed upon the concrete. Subsequently cooling induced the stress. 
The same principle is used in tie rods in almost any bridge of the 
old type. The first tanks built under a similar method were erected 
in Northern Minnesota about twenty years ago. These tanks were a 
great improvement over the tanks of conventional design, and they 


7 
: 
= 
q 


LINBERG. 235 


are still in service without membrane linings. Refinement and addi- 
tional improvements have been made through experience gained in 
the construction of hundreds of tanks since that time. The tanks now 
being built by our company throughout this country no doubt embody 
some of the tricks practiced during the construction of the first tanks. 

However, there is another source of cracking in concrete tank 
walls, not caused by the elongation of hoop rods. In the wall there 
is a considerable difference in temperature between the outside and 
the inside. During the summer, the outside surface of the wall will 
reach a relatively high temperature, while the inside remains at the 
temperature of the water. In the winter time, the temperature of 
the outside surface may be rather low, while the inside surface will 
remain at the water temperature. The warmer surface or side will 
be longer than the cooler side, with the result that vertical tension 
and unbalanced stresses will be set up in the walls. During the 
summer, the inside surface may develop horizontal cracks due to 
this tension. When the temperatures are reversed, due to a change 
in seasons, the tension is on the opposed, or outside surface, and 
cracks may occur at the weak sections, which, of course, are opposite 
the cracking that occurred on the inside face. The result is a through 
crack, water leakage, discoloration, and eventual failure. 

In the Preload System, this condition is overcome by the intro- 
duction of vertical preload rods. The wall is placed in vertical com- 
pression to an amount that will offset the tension due to temperature 
changes. 

Construction of a dome to cover these tanks is rather an inter- 
esting feature of this design, and, incidentally, is adaptable to covering 
large enclosures where columns are not desired. The dome is sup- 
ported on a ring abutment which is, in turn, encircled with Preloaded 
hoops that will take the full thrust of the dome load. Two such 
domes were built in Brevard, N. C., with a clear span of 155 ft. 
Incidentally, the thickness of these domes was only 2 in. We consider 
these domes to be the largest of their kind in the world. Other large 
domes are: St. Peter’s Church dome in Rome, built between 1506 to 
1626, a stone dome with a span of 131 ft. and a very high rise, weigh- 
ing 11,000 tons; the Market Hall in Breslau built in 1913, a reinforced 
concrete arched rib dome, spanning 213. ft. with a weight of 7,000 
tons; and the Market Hall in Leipzig, built in 1929, a reinforced con- 
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crete shell dome, of the Dywidag type, spanning 246 ft. and weighing 
2380 tons. None of these domes are spherical, and they all use arches 
in one form or another. Now the dome we built in Brevard is per- 
fectly spherical and is not ribbed. Furthermore, its weight is only 
340 tons. If we were to build a dome as large as the one over the 
Market Hall in Leipzig, its weight, including the abutment ring, 
would be 900 tons or one-third of the weight of Dywidag shell con- 
struction. Furthermore, these domes are very strong and capable of 
carrying heavy weights. We have been furnished proof of this in 
various instances in connection with some of our tanks. Some have 
been designed to carry quite heavy loads in the way of machinery 
concentrated at the crown, and the domes that support this equipment, 
at least to the layman or engineer unfamiliar with this type of con- 
struction, appear to be alarmingly thin. The dome shells on the two 
155-ft. diameter tanks previously referred to are only 2 in. thick. 
However, as little is known in regards to stresses set up as a result 
of concentrated loads on domes, it was decided a few months ago to 
retain Professor Walter C. Voss of the Massachusetts Institute of 
Technology to build a model dome and carry out extensive tests. 
These tests are now completed and by the middle of 1942, we expect 
to have in our possession formulae that will permit of greater refine- 
ment in the design of domes than is possible under formulae now used. 
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THE 1941 DROUGHT AND ITS EFFECT ON WATER SUPPLIES 
IN NEW ENGLAND—A SYMPOSIUM 


New HAMPSHIRE 
[Read December 18, 1911.) 


LEONARD W. TracER.* According to the information published 
by Mr. A. D. Ross, Meteorologist and Official in Charge, U. S. Weath- 
er Bureau at Concord, N. H., a study of precipitation statistics for 
New Hampshire shows that the 9 months period from January to Sep- 
tember, 1941, inclusive, is the driest on record, for the same period of 
months in 89 years. At Concord, which is the only station in New 
Hampshire where a detailed and complete long record is available, the 
January to September total precipitation was 17.3 in., while the pre- 
vious record low for the same months was 19.1 in. in 1930. The 
normal total for these months is 28.4 in. 

Relative to water supplies and the effect of drought upon them, 
Mr. Charles D. Howard, Director Division of Chemistry and Sani- 
tation, New Hampshire State Board of Health, in his article, “Water 
Supplies and the Drought” as published in the New Hampshire Health 
News said, in part, as follows: 

“Most of our municipalities have been fortunate in that the 
extreme drought of the past few months has resulted in acute public 
water supply depletion in but a very few instances, although in a 
number of cases reservoirs have been lowered such as to call for 
special conservation measures. No public supply has failed to the 
point where consumers have been denied a reasonable use of water. 
In all cases, any auxiliary supplies of municipal character that may 
have been resorted to are safe or have been made safe by chlorination. 

However, a number of places have instituted or now have in 
project emergency well construction programs. The town of Farm- 
ington has been compelled to supplement its ground water system by 
drawing from the Cocheco River, with provision of chlorination, this 
stream being exposed to no appreciable pollutive influences at this 
point. 


*Associate Sanitary Engineer, New Hampshire State Board of Health, Concerd, N. H. 
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The most acute situation has been at Claremont, where the brook 
reservoir supply became alarmingly low. Here consideration was 
given to alleviating this in small part by piping in another small 
brook, but because of certain legal aspects involved it was not deemed 
expedient to advance this project. While this town has for many 
years had a number of wells located on an area known as Kelsey’s 
Island, this water has for long been unusable because of an excessive 
iron content, it being virtually impossible to utilize this source with- 
out deferrization treatment. To introduce such iron-impregnated 
water into the system and into the reservoir would, we believe, be 
unfortunate, because of the conditions that would tend to be set up. 

A rather extraordinary situation in the case of this town is in 
the fact that a short time ago the water commission proceeded to have 
constructed near Claremont Junction two large wells which are capa- 
ble of affording an abundance of water of excellent quality but which 
have never been piped into the system or accepted by the town because 
of a legal controversy, certain of the citizens having felt it would be 
preferable to develop such an emergency supply by gravity flow 
through resort to a pond in the town of Cornish. However, this pond 
source subsequently proved to be non-available, and it has appeared 
that only through action at a special town meeting could resort be 
legally made to the wells in question. Objections raised to the latter 
in connection with the town’s refusal of acceptance have been that 
this water is somewhat harder than a pond source would be, and that 
a rather substantial pumping expense would be entailed. However, 
utilization of this source would be necessary only in emergency, and 
in any case such pumping could scarcely be more expensive than the 
construction and operation of a filtration plant and, it is believed, 
would otherwise be preferable thereto. Another objection in some 
quarters, involving apprehension of a hazard of back draft from the 
river, is not considered by engineers as a valid one, this being a true 
ground water.” 

Other public water supply systems that were seriously effected by 
the drought are Rochester, Troy, Warner, and Bennington, N. H. 

At Rochester, it was deemed advisable to conduct studies and sur- 
veys for an auxiliary well supply. Test wells were driven, samples 
taken and analyzed, and the location for the auxiliary well system 
selected. At Troy, the reservoir was practically empty for a short 
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period of time in September. Preliminary plans for enlargement of 
this system were prepared a few years ago, and it is presumed that 
they will now be reconsidered. At Warner, the reservoir was ap- 
proaching a critical point until replenished by rains in October, 1941. 
At Bennington, both the gravity spring system and the Jacques 
Brook system were seriously affected. Plans were made to pipe water 
into the system from an old brook source. 


VERMONT 


Epwarp L. Tracy.* The shortage of water in springs and streams 
feeding domestic supply systems was more evident during November 
and December 1941 than during the actual drought period of the 
summer. Although the deficiency in rainfall was primarily the rea- 
son for the shortage, other discrepancies showed up. Several of these 
could be classed under the heading of inadequacy of the supply sys- 
tem. In some cases, small watershed areas were feeding storage res- 
ervoirs; with the stream flow smaller than the water consumption, 
the reservoirs were drawn down too low, proving that storage was 
inadequate. 

Although some parts of the state, particularly the northeast sec- 
tion, had the least difficulty, the places that were short are widely 
scattered. Two cities, Vergennes and St. Albans on the west side of 
the state, drew down their storage until it was obvious that an auxil- 
iary source of supply would have to be used. No public water supply 
system was actually in a dangerous condition. For this reason it was 
impossible during the summer to impress on a number of communities 
the need for an auxiliary, or an emergency, source of water supply. 

In January, 1941, the Department of Public Health contacted the 
villages in the defense industry and cantonment areas. Besides urging 
precautions against sabotage, we urged proper chlorination and the 
planning of an emergency source of water supply. This did not re- 
ceive sufficiently serious attention at the time. 

In June the reservoir supplying Springfield, the principal defense 
industry village, was being rapidly drawn off. The village officials 
then hurriedly started the installation of a multiple well system. By 
the time that they were pumping water from the well system, the 


*Director, Division of Sanitary Engineering, Vermont Department of Public Health, Burlington, Vt. 
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reservoir was drawn down very low. The machine shops and addi- 
tional residences used so much additional water that it was impossible 
to bring back the water level in the reservoir. This is an example of 
a storage reservoir with a sma!l watershed area. The same is true of 
Vergennes and St. Albans. 

The meteorological data for Burlington show some interesting 
facts. The precipitation deficit started in February. By April there 
was an accumulated deficit of 2.36 in. from normal. On December 1, 
the 1941 accumulated deficit was 8.18 in. The total precipitation 
from January 1 to December 1 was 22 in. The normal, or mean, 
since 1884 for the same eleven months is 30.22 in. Thus the precipi- 
tation was 72% of normal during 1941. I believe the 1941 rainfall in 
New England, as a whole, has been about 75% of normal. 

As a matter of comparison, the lowest annual rainfall recorded in 
Burlington was in 1914 when 22.62 in. fell. The high year was 1897 
with 43.44 in. In 1914, the low year, the precipitation for the eleven 
months to December 1 was 21.37 in. The year 1941, therefore, was 
very little above that. This illustrates the seriousness of the condition. 

The value of reforestation was well demonstrated. Rutland has 
forty-five hundred acres of city owned land on a watershed of about 
twenty-four square miles. On this city-owned land adjacent to 
water supply streams, about one and one-third million trees have 
been set out since 1916. The cutting of existing timber has also 
been well controlled. The city has a population of 17,500. The res- 
ervoir holds only five million gallons. The average per capita con- 
sumption of water is over two hundred gallons per day and yet, 
during 1941, there was no actual shortage of water in that city. 

Lake Champlain, from which Burlington and Alburgh take their 
domestic water, was about three feet below normal in the late sum- 
mer. This has come back about one and one-half feet. The water 
systems drawing from the lake were not affected. 

The principal villages, except those already mentioned, have had 
sufficient water, although some of their reservoirs were below normal. 
They include Brattleboro, Bellows Falls, Bennington, St. Johnsbury, 
Montpelier, Barre, and Newport. The White River Junction system 
did not supply sufficient water but their distribution system is con- 
nected to West Lebanon, N. H., which furnished part of the water 
beginning in August. 
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The water shortage of 1941 will result in the improvement and 
enlargement of some of the affected supply systems. It may promote 
metering, which is not usual in Vermont except in Burlington. For 
instance, Windsor, a national defense village, is using all of the 
water available at the present source of supply. Additional sources 
are not readily available. It may be necessary to meter this village 
to conserve water, so that there will be a sufficient quantity for the 
industrial plants. 

The development of auxiliary or emergency sources of supply 
will, I believe, lead to more chlorination in the state. The Depart- 
ment of Public Health will not approve the use of water from open 
streams unless it is chlorinated. 


MASSACHUSETTS 


RatpH M. Soure.* During 1941, Massachusetts experienced 
the worst drought in over 50 years. After September, 1938, the 
month of the great hurricane flood, the accumulative precipitation 
fell below normal throughout the state, so that at the end of Novem- 
ber 1941, a period of 38 months, the accumulative deficiency was 18.3 
in. below normal. Many water works men have looked upon the 
period of 1908 to 1911 as the driest on record, but the records of the 
Massachusetts Department of Public Health show that during the 
period from October 1908 to November 1911, inclusive, the accumu- 
lative deficiency was only 17.6 in. From October 1928 through 
November 1931, another dry period, the accumulative deficiency in 
precipitation was 16.8 in. Of these three very great dry periods then, 
the present drought exceeds that of 1908 to 1911 by three quarters of 
an in. and that of 1928 to 1931 by an inch and a half. 

During the drought of 1941, the twelve-month period from 
December 1, 1940 to November 30, 1941 was the most critical with a 
deficiency of 11.0 in., or a total precipitation more than 25 per cent 
less than the normal. This also exceeds any similar twelve-month 
period in the past. During this period, every month, except June 
and July 1941, was below normal in precipitation, the greatest depart- 
ure from the normal occurring in September, when an average of 0.96 
in. of rain was received over Massachusetts. 


*Assistant Sanitary Engineer, Massachusetts State Department of Health, Boston, Mass. 
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On the basis of the climatological year which begins on October 1 
and ends on September 30 in the following year, the climatological 
year 1938 to 1939 was 6.2 in. below normal. The year 1939-1940 
was almost normal, adding only 2.3 in. to the accumulative defi- 
ciency. The year 1940-1941, however, added 7.7 in. and the first 
two months of the climatological year 1941-1942 added 2.1 in. so 
that at the end of November 1941 the total accumulative deficiency 
was 18.3 in., and such preliminary results as are available for De- 
cember indicate that this deficiency was not materially decreased in 
spite of the heavy precipitation of December 13. (See Fig. 1.) 
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There has been considerable variation in the deficiency in rain- 
fall in various sections of the State. The Northeastern section has 
been the hardest hit by the drought, having a total accumulative 
deficiency in precipitation of 27.4 in. The Southeastern section, 
which includes southeastern Massachusetts and Cape Cod, has fared 
the best, having an accumulative deficiency of 11.3 in. The accumu- 
lative precipitation since October 1938 in the Southeastern section 
was above normal from March to June, 1939, inclusive, and in May, 
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1940. The month of September, 1941, however, was drier in the 
Southeastern section than anywhere else in the State; an average of 
0.16 in. was received, and the greater part of this on the last day of the 
month. (See Fig. 2.) 
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The Connecticut River section had an accumulative precipitation 
deficiency from October 1, 1938 to November 30, 1941 of 16.9 in., 
the Central section a deficiency of 24.9 in., and the Western section 
a deficiency of 18.0 in. After May 1941 the deficiency in the Central 
section increased more rapidly. 

The deficiency from October 1, 1940, to November 30, 1941, 
was greatest in the vicinity of Wilmington and Concord in the North- 
eastern section of the State; it received only about 68 per cent of the 
normal precipitation. A comparatively large area in the Central 
and Northeastern sections, extending from Hubbardston to Beverly, 
was more than 14 in. deficient and received only about 72 per cent of 
the normal rainfall. Two other smaller areas, one in the vicinity of 
Springfield and Chicopee and another in the vicinity of Montague 
and Greenfield, were also deficient by more than 14 in. A short dis- 
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stance west of these areas, in the foothills of the Berkshires, the defi- 
ciency was only 6 in., and the precipitation received was 88 per cent 
of the normal. (See Fig. 3.) 
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Cape Cod, which had a somewhat higher normal rainfall, was 
only 6 in. deficient and received 89 per cent of the normal precipita- 
tion. In the extreme Northeastern section, in the vicinity of Haver- 
hill and Newburyport, the deficiency was 10 in., but the normal preci- 
pitation is lower in this locality than in other parts of the State and 
the percentage of precipitation received after October 1, 1940, was 
only about 80 per cent of the normal. 

In the Northeastern section of the State, where the precipitation 
deficiency was greatest, there are nine municipalities whose water 
supplies were at a very low point. In the Central section, where the 
precipitation deficiency was next highest, there are six water supplies 
that were also at a very low point. In the Connecticut River section, 
three municipalities were experiencing a water shortage, and in the 
Western section only one. In the Southeastern section no cities or 
towns were reported to the Department of Public Health as having a 
shortage of water supply. 
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While the large deficiency in rainfall was the primary factor 
in the water supply shortages, conditions were made worse by in- 
creases in water consumption due to National Defense activities. 
The following is a summary of conditions in the municipalities where 
water shortages were being experienced: 

Dracut. While no shortage of water supply existed in the Dracut 
Water Supply District, it was necessary for the district to use the 
Lakeview supply which contains a considerable amount of iron. Work 
was undertaken on the installation and testing of a new gravel-packed 
well. 

Ipswich. During the early fall, a water supply shortage was 
experienced in the town of Ipswich, but this was relieved by a material 
drop in the water consumption, and an additional supply was made 
available from a new gravel-packed well. 

Lowell. The condition of the water supply of the city of Lowell 
was investigated by a consulting engineer employed by the mayor. 
Should the drought continue, it will be necessary to install additional 
wells. 

Marblehead. The water supply of the town of Marblehead was 
seriously diminished by the drought and the town continued to buy 
water from the city of Lynn. Lynn may also be called upon to supply 
water to adjoining municipalities since, in general, the region em- 
braced by the cities of Salem, Beverly, Peabody and the towns of 
Danvers, Saugus, Middleton and Marblehead, lies within the areas 
where the greatest deficiency in rainfall existed. 

Newburyport. The lower reservoir of the city of Newburyport 
was drawn down for cleaning in 1938 and not refilled. This factor 
contributed to the water shortage, causing the upper reservoir to 
drop to a very low level. Consideration was given to obtaining small 
amounts of water from adjoining communities, but because of the 
excessive costs this plan was abandoned. Test wells were driven by 
the city with a view to obtaining a tubular well supply in the city at 
some point where water may be pumped directly into the distribution 
system. 

Peabody. The supply of the city of Peabody reached a very 
low point. The city was unable to pump water from Ipswich River 
because of legal limitations protecting the low-water flow of the 
stream. A conference was held early in December with representa- 
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tives of the adjoining cities, the town of Danvers, and the Department 
of Public Health with a view to codperative action in meeting the 
deficiency of water supply in the city of Peabody. The town of Dan- 
vers was prepared to supply as much as 500,000 g.p.d. to the city of 
Peabody. The city of Lynn was prepared to supply 200,000 g.p.d. 
and possibly more if an adequate number of inter-connections be- 
tween the distribution system of the city of Peabody and the city of 
Lynn could be made. Lynn, however, also depends upon pumping 
from the Ipswich River for a large part of the yield of its water 
supply and was also unable to pump from this river during the low 
stream flow conditions. The city of Peabody investigated the possi- 
bility of an auxiliary water supply in the valley of Humphrey’s 
Brook which leads from Suntaug Lake to the Ipswich River. 

Wenham Lake, the source of water supply for the cities of Salem 
and Beverly, was on December 1, 1941, 14.7 ft. below full reservoir. 
This is the lowest elevation ever recorded since Wenham Lake has 
been used as a source of water supply. The amount of available 
storage on December 1, 1941, was 975 m.g., or about 150 days’ sup- 
ply. Officials of the Salem and Beverly Water Supply Board pro- 
ceeded with the installation of emergency pumps to lift the water of 
Wenham Lake within reach of the low-lift pumps of the treatment 
plant. 

Other towns in the Northeastern section that experienced a 
shortage of water supply in the fall of 1941, but that have since been 
relieved because of a material drop in the water consumption, were 
Amesbury, Concord, Hamilton and Lincoln. 

Fitchburg. Officials of the city of Fitchburg were of the opinion 
that if the drought continued, the water supply would be in a serious 
condition by the first of February, 1942. The condition of the supply 
was particularly serious on the high-service system. Consideration 
was given to the installation of emergency pumping equipment in 
Meeting House Pond and Wachusett Lake if the elevation of these 
reservoirs should drop below the intakes. 

Leicester. The Leicester Water Supply District received water 
from the Cherry Valley and Rochdale Water District in order to meet 
their shortage. 

Milford. The Milford Water Company, which serves the towns 
of Milford and Hopedale, experienced a shortage of water in its stor- 
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age reservoir, and tubular test wells were driven with a view to estab- 
lishing an auxiliary well supply. 

Millbury. The Massachusetts Water Supply Company in this 
town was required to refuse service to a large industrial establishment 
in order to maintain an adequate water supply for other consumers. 

Spencer. The elevation of Shaw Pond, the usual water supply 
for the town of Spencer, dropped in elevation so that there were less 
than 2 ft. of water over the intake. Approval was given the town by 
the Department of Public Health to use the water of Whittemore 
Pond as an auxiliary source as soon as the microscopical organisms 
were reduced to a number that would not result in disagreeable tastes 
and odors. Water taken from this pond must be adequately chlori- 
nated at all times. 

Worcester. The reservoirs of the city of Worcester, were de- 
pleted in October to a point so that there was only about 30 per cent 
of the total storage remaining. Water was pumped from Quinapoxet 
Pond when available and from Wachusett Reservoir. The situation 
on the high-service reservoirs was relieved by pumping water from 
the low-service reservoirs into the high service. The water con- 
sumption of the city averages about 20 m.g.d. or nearly twice the 
amount being pumped from Wachusett Reservoir. 

Other supplies in the Central section of the State, that experi- 
enced shortages of water supply but were relieved because of a mate- 
rial drop in the water consumption, or the development of auxiliary 
sources, were Ayer, Brookfield, Clinton, Leominster, Marlboro, North- 
bridge and Paxton. 

Shelburne Falls. The Shelburne Falls Fire District recently 
installed a group of tubular wells as an emergency source of water 
supply in order to relieve a serious water shortage experienced in the 
month of September. 

Pittsfield. The city of Pittsfield was relieved in October in its 
water shortage by the use of Onota Lake. 

Metropolitan District. In connection with the Metropolitan 
water supply, Wachusett Reservoir steadily decreased in elevation 
from the latter part of April to September 17, 1941, at which time it 
was at elevation of 366.0 or 29.0 ft. below the spillway. On this date, 
Metropolitan Water Works officials began discharging water from 
Quabbin Reservoir to Wachusett Reservoir at the rate of about 475 
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m.g.d. This was continued until October 28, and during that period 
Wachusett Reservoir gained 12.4 ft. in elevation in spite of the fact 
that about 187 m.g.d. were being drawn from the reservoir. 

From October 28 to December 12, 1941, Wachusett Reservoir 
lost 5.4 ft. in elevation, and, on December 12, it was 23.0 ft. below 
the spillway. There are, however, about 120 billion gallons of avail- 
able storage in Wachusett and Quabbin Reservoirs or about 800 
days’ supply for the Metropolitan Water District. There was a defi- 
ciency from the normal yield of the Wachusett Reservoir drainage 
area for every month from August, 1940, to October, 1941, inclusive. 
The rainfall received on this watershed during this period was 39.8 
in., which is 17.3 in. below the normal. The rainfall collected was 
26.1 in. which is 11.7 in. less than the normal. 

The deficiency in rainfall also resulted in unprecedentedly low 
flows of streams. During the early part of October, 1941, the flow of 
the Charles River at Waltham averaged only about 4 m.g.d., as deter- 
mined from records of the U. S. Geological Survey. Because of the 
small amount of water entering the basin from the Charles River, it 
was necessary to introduce larger amounts of salt water through the 
locks at the dam, with the result that the salinity of the water in the 
basin was considerably greater than that under normal conditions. 
As a result, a large number of fish migrated to the upper end of the 
basin in the vicinity of Watertown where, because of the shallowness 
of the water, the increased temperature, the small amount of fresh 
water entering the basin, and the low oxygen content of the water, 
many fish were unable to survive and it was necessary for the Metro- 
politan District Commission to remove dead fish weighing in excess 
of several tons at Watertown. 

Between October 9 and November 4, 1941, the Metropolitan 
District Commission, in flushing out the Cochituate Aqueduct, dis- 
charged about 25 m.g.d. into the Charles River, and this materially 
improved conditions. 


RuHopE IsLAND 


WALTER J. SHEA.* It may be said that the effects of the pro- 
longed period of subnormal precipitation on Rhode Island water sup- 


*Acting Chief, Division of Sanitary Engineering, R. I. Department of Health, Providence, R. I. 
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plies did not cause widespread hardship up to December, 1941. 
Those suffering the most were residents of rural areas who depend 
upon shallow wells or springs as sources of drinking water supply. 
Many of these sources dried up. It is estimated that about 7 per cent 
of the population of the state, approximately fifty thousand people, 
obtain water from private sources, and since many of these use deep 
wells, or shallow wells that continue to yield water due to their good 
location, it is improbable that more than a few thousand people 
were left without their usual source of water supply. Nevertheless, 
some of these people who must provide water for cattle as well as 
household uses, which is obtainable only at long distances from the 
usual source, were getting along under great difficulties. A consider- 
able number of applications for connections to public water supply 
systems, from property owners previously served by wells that are 
now dry, were reported by water works superintendents. 

The shortage of water experienced by one of the smaller public 
water supplies made it necessary for high-service areas on the system 
to get along with but a trickle of water from taps, and resulted in 
pressures throughout most of the system, too low for satisfactory fire 
protection. This situation was remedied in a short time by the devel- 
opment of wells to augment the lake supply formerly used. 

Operation, for brief periods, of two small supplies under pres- 
sures too low for fire protection and high service was caused by loss of 
water through breaks in mains occurring when low water levels in 
wells made it impossible to restore the lost water to the systems in a 
reasonable period of time. In one of these cases, it was necessary to 
heavily chlorinate water from an emergency source and pump it into 
the distribution system to fill the standpipes and restore fire protec- 
tion. In the second case, a connection with another system replen- 
ished the lost supply of water. 

The water level of Wallum Lake which supplies the State Sanito- 
rium fell 8 ft., leaving only 16 in. of water over the end of the intake 
pipe. The end of this intake, under normal water level conditions in 
the lake, is located 70 ft. off the shore line, but was only 7 ft. off the 
contracted shore line. Since it is not unusual to cut 30 in. of ice on 
this lake, it was feared that the end of the intake might become ice- 
bound. It was proposed to connect an abandoned intake which ex- 
tends to a deeper part of the lake to the present suction line to meet 
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this contingency. It seems worth mentioning that the increased suc- 
tion lift created by the low level of the lake made it necessary to ex- 
tend the daily period of pump operation by fifty per cent. 

The larger water supply systems of the State were affected by 
the drought, to a greater or less extent, depending of course upon size 
of watershed, storage capacity, and demands on the system. 

The Providence system supplies nearly one half of the popula- 
tion of the State. Because of a large watershed and a storage capacity 
of 37 billion gallons, when the reservoir is full, it is estimated that a 
minimum of 85 m.g.d. can be supplied safely during the driest years 
that may be expected, whereas consumption was only a small fraction 
of that rate. The level of water in the reservoir dropped to 13.7 ft. 
below the spillway, compared to 11.6 ft. in October, 1940, and 19.2 
ft. in December 1930. The town of East Providence has an im- 
pounding reservoir of 420 m.g. capacity located at the lower extremity 
of a large stream, The Ten Mile River, and as water has flowed over 
the spillway continuously there is little prospect of the town lacking 
water. 

The cities of Pawtucket and Woonsocket are less fortunately 
situated than Providence and East Providence as regards the size 
of the drainage areas from which they can collect water. Their reser- 
voirs were less than half full. While there was no immediate cause 
for alarm, these supplies are not in a favorable position to withstand 
an extended prolongation of the dry period. 

It is unfortunate that the greatest demands for water coming 
from military areas were placed upon insular water supply systems, 
namely, the Newport and Jamestown systems. Because of the very 
limited drainage areas on the islands available to these communities, 
greatly increased demands and drought conditions would require 
obtaining water from the mainland at great expense. Appeals to con- 
sumers to conserve water were made by the superintendents of these 
supplies. A federal grant of money was made to the city of Newport, 
under the Lanham Act, for the construction of a dam, reservoir, and 
treatment plant to develop 1.1 sq. miles of watershed now undevel- 
oped. A contract for construction of this project was expected to be 
made without delay. 

It is of interest that the situation in Newport would have been 
acute, if the superintendent of the supply had not begun to let water 
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down from an upper reservoir to a lower one and continued to do so 
over this period of the drought. Because of the flat grade between 
the two reservoirs, and the small capacity of the brook that is used to 
carry water from the upper to the lower one, the transfer must be 
effected over a long period. It is estimated that the reservoirs con- 
tained about a ten weeks’ supply of water. It is a coincidence that 
drought conditions accompanied excessive military demands on the 
Newport supply also during the last world war. 

The Jamestown supply was in a similar position to that of New- 
port but on a reduced scale. Steps were under consideration to in- 
crease the storage capacity of this supply. 

No attempt has been made in this brief survey of water supply 
conditions in Rhode Island to cover all the water supplies of the 
State. Only representative ones and some that faced special problems 
have been mentioned. It should be borne in mind that accompanying 
the prolonged period of subnormal precipitation there have been 
placed upon our water supply systems greatly increased demands for 
water from military areas, new housing projects, and increased indus- 
trial use of water. There are instances in which private sources of 
water for industrial uses dried up and industry was forced to turn to 
municipal water supply systems for large volumes of water not needed 
normally. 


CONNECTICUT 


WarrEN J. Scott.* Connecticut experienced a period of severe 
drought beginning in July, 1940, when the rainfall began to drop 
below normal. In Hartford, the rainfall from the beginning of July, 
1940, was below normal in every month except November, 1940, and 
- June and July, 1941. September and October, 1941, produced nearly 
a record two-month drought. 

There was some difference in the severity of the drought over the 
State. The Hartford and New Haven figures may be cited as indica- 
tions. The Hartford records go back to 1868, and a review of the 
rainfall since 1868 shows that the four-month, 1941 rainfall of 9.0 
in. from August through November was less than in all but the years 
1931 and 1914. In New Haven, however, not far distant, the rainfall 


*Director, Bureau of Sanitary Engineering. Connecticut State Department of Public Health, Hartford, 
Conn. 
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in this same four-month period in 1941 was 10.7 in., 1.7 in. in excess 
of Hartford. New Haven rainfall records go back continuously to 
1873, and intermittently, with some long interruptions, to 1804. 
Going back as far as 1873, the four-month, 1941 rainfall in New 
Haven (August through November) exceeded the rainfall in the 
corresponding period in eight years: 1935, 1922, 1917, 1916, 1914, 
1912, 1900 and 1899. The cumulative rainfall deficiency below nor- 
mal in Hartford from July 1, 1940, up to December 1, 1941, was 15.5 
in. whereas in this same 17-month period in New Haven, this cumula- 
tive rainfall deficiency was only 12.4 in. 

Connecticut experienced severe drought conditions in 1922, 1923 
and 1924 which produced depletion of some public water supplies and 
threatened the exhaustion of several more. Notable among the ser- 
iously depleted systems where auxiliary supplies had to be pressed 
into service were those of Derby, Shelton, Norwich and Farmington. 
Since then, numerous important water supply enlargements were car- 
ried to completion. Among these might be listed the construction of 
the Deep River Reservoir in Norwich, the North Branford Reservoir 
in New Haven, the Barkhamsted Reservoir in the Hartford Metro- 
politan District, the Saugatuck Reservoir in Bridgeport, the Shepaug 
diversion in Waterbury, the Margerie Reservoir in Danbury, the 
Reuben Hart Reservoir in Torrington and the Laurel Reservoir in 
Stamford. Connections were made between the Bridgeport system 
and the water systems of Shelton and Derby, between the Hartford 
system and the systems in Unionville, Farmington and East Hartford, 
between the Stamford system and the Greenwich system, and between 
the New Britain system and the Plainville system. Recently the 
Plainville system has been connected with Bristol whose storage was 
enlarged several years ago. Auxiliary well supplies have been con- 
structed in Terryville and Jewett City. A temporary connection was 
made between the Middletown and Portland systems during one 
drought period. but has since been broken. While this list is by no 
means complete, it does indicate the extent of the measures that have 
certainly helped to counteract the effect of the drought of 1941 upon 
our public water supplies. 

It hardly needs to be stated before a group of water works men 
that planning for water supply is of far more importance than in 
many fields of activity. The long road of drawing up engineering 
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plans, securing local approval of municipalities or boards of directors, 
obtaining legislative authorization, going through the processes of 
land acquisition and possible land condemnation, and finally building 
reservoirs, pipe lines, tunnels, pumping stations, treatment plants, or 
numerous other types of structures, is well known. Sometimes, in the 
case of large projects, ten to fifteen years or more have been con- 
sumed in traveling to the end of the road. 

Connecticut can point with pride to the sufficiency of the vast 
majority of its water supplies to cope with droughts. The 1941 test 
was all the more severe because of the tremendous increase in water 
consumption due to defense activities. Connecticut has been a bee- 
hive of activity, and scarcely a city or large town has not felt the 
defense impact. Industrial plants of major importance to the Na- 
tion’s defense are scattered from one end of the State to the other. 
Guns, planes, boats, machines, metals and numerous other necessities 
have been produced. The increase in water consumption in 1941 
has to be borne in mind in comparisons between conditions during 
this recent drought and those during droughts in 1931 or the early 
1920’s. 

No public water supply in Connecticut failed in 1941, although 
some interconnections were placed in service. Public water supplies 
were dangerously depleted in Middletown and Wallingford. In the 
former city, plans were laid to pump from emergency sources if neces- 
sary and the latter community began plans for a new reservoir. 
Storage on some supplies was seriously lowered. 

Two points in connection with droughts such as that of 1941 
appear worthy of comment. First, new cumulative lows in rainfall 
and stream flow may be taking place in certain areas. It would 
greatly help in water supply planning if more water works men kept 
records of their stream flows, gains and losses of reservoir storage, 
and water consumption, which may be tied in to compute dry weather 
yields from watersheds. Secondly, the adverse effect of droughts 
should be impressed upon the consumers and those in control of 
water supply operations. More serious droughts may occur in the 
future. Now is the time for the water works superintendent in a 
community affected by the drought to sell the idea of having an engi- 
neering study of his system made and laying plans for the future. 
There is no more serious threat to the well-being of the community 
than depletion of the public water supply. 


PROCEEDINGS. 


PROCEEDINGS 


Marcu, 1942, MEETING 
HorteEt STATLER, Boston, Mass. 
Thursday, March 19, 1942 


President Francis H. Kingsbury in the chair. 

Secretary Gifford announced the election of the following: 

Members: Malcolm P. Brown, Superintendent, Water Depart- 
ment, Hamilton, Mass., J. Allen Goguen, Water and Sewerage Work, 
Gardner, Mass., Thomas D. Walsh, Superintendent, Public Works, 
Winsted, Conn., and Leon H. Reed, Commissioner of Public Works, 
Pittsfield, Mass. 

Associate: The Greene Rubber Company, Brookline, Mass. 

Mr. Gifford read the following letter, received by him under date 
of March 4, in reference to tires for water works purposes. 


“This will acknowledge your letter of February 20 with enclosed resolution 
regarding tires. 

The problem of tires for passenger cars ‘used by inspectors, maintenance 
men, engineers and technicians in enterprises such as your own, is one for which 
we are as yet unable to provide an entirely satisfactory solution. We are fully 
conscious of the necessity of these services but simply do not have enough rubber 
available. 

In order to provide tires for the hauling of the most absolutely essential 
materials and supplies, and for the mass transportation of the workers, it has been 
necessary to completely suspend ali production of automobile tires and the stock 
on hand is being reserved for such vital services as doctors, fire and police protec- 
tion, and mail delivery. 

Under these conditions there is only one possible course, and that is to make 
present tires last as long as possible. Accordingly, we have placed retreading and 
recapping under rationing control and have designated that passenger cars used in 
the most essential business services shall be included among those eligible. The 
general public will be unable to obtain retreading or recapping services. 

In view of this we suggest that your members contact their local Tire Ration- 
ing Boards to determine to what degree they may now be eligible for retreading 
and recapping, and to make application for such service for any eligible cars. 
We cannot guarantee that there will be enough rubber to retread the tires of all 
eligible applicants, but we do feel that there will be enough to provide some 
measure of relief in the matter regarding which you wrote us.” 

Mr. Gifford then read the following communication from the Department of 
the Interior, Office of Solid Fuel Coérdination. 
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“The dislocations of normal business which attend war will affect the fuel 
supply in many ways. The seriousness of this situation prompts me to solicit 
your codperation in communicating with coal consumers with whom you are in 
contact in an effort te get them to take appropriate steps to protect themselves 
and make it less likely that fuel shortages will occur. 

The war not only is increasing the need of the coal, but it will materially 
affect the ability of the coal mining and transportation industries to meet require- 
ments. As the war production program gathers momentum, its effect upon these 
industries will become more and more pronounced. Shortages of steel, rubber, 
electrical equipment, and other materials which they must have to maintain opera- 
tions already are being felt, and will become more acute. The burdens of trans- 
portation will grow, and the interruptions of ordinary business activities will be- 
come more frequent. 

Although there is no shortage of coal now, there is serious reason to believe 
that after the war production program gets fully under way there may be times 
when consumers will find it difficult to get the particular kind, qualities and sizes 
of coal which they customarily use. There may even be instances where, due to 
temporary local shortages, consumers may not be able to get coal of any kind at 
the time they want it. 

The President has requested Secretary of the Interior Harold L. Ickes to 
carry on such programs as will assure that an adequate supply of solid fuels will 
be available, where and when needed in this National Emergency. The Office of 
Solid Fuel Codrdination has been established to aid in this undertaking. A study 
of the information available to this office convinces me that wise consumers will 
take immediate steps to use surplus mine and transportation capacity while it is 
available to store reserve coal supplies as protection against possible shortages. 
And, as they use up their coal, consumers should seize every opportunity to keep 
their fuel bins replenished. 

By using production and transportation capacity to acquire coal for storage 
whenever they find it available instead of waiting until their coal bins are empty, 
consumers also will help the mines and the railroads and other carriers to maintain 
steadier operations and obtain fuller use of their equipment. This will aid in 
reducing the burden during periods of peak demands when difficulties are more 
likely to happen, and make less likely that the shortages will occur. 

Furthermore, I should like to impress upon consumers the necessity for 
prompt unloading of coal-carrying equipment at destinations, to enable its quick 
return to loading points for reloading, in order that maximum efficiency can be 
obtained from transportation facilities. Purchasers who receive coal in carload 
lots must not use railroad cars for storage purposes under any circumstances. 
As Acting Director of Solid Fuel Coérdination, I respectfully request the codper- 
ation of your organization in conveying this message to such of your members 
who are coal users. 

Sincerely yours, 
(Signed) H. A. Gray. 
Acting Director.” 


The President announced the death of Mr. Edward M. Shedd of Malden. 

Howard C. Mandell presented the following resolution: 

WHEREAS the water supply systems of the United States serving vital 
defense industries and communities constitute the most important single source of 
raw material and the most important single public utility; and 
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WHEREAS the damage or destruction through sabotage or war action of 
water systems serving vital defense industries and communities would greatly 
imperil the national war efforts; and 

WHEREAS proper and adequate guarding of these water utilities is a prob- 
lem of serious importance to the operators of such utilities, 

BE IT THEREFORE RESOLVED that the New England Water Works 
Association request the War Department to appoint a duly qualified officer or 
officers to study this problem in codperation with a representative or representa- 
tives of the leading water works associations of the country to the end that satis- 
factory solution of the problem be arrived at promptly. 

A paper, “Barre, Mass., Water Supplies—Old and New,” was 
read by Howard E. Bailey, Consulting Engineer, Boston. 

A paper, “Hill, N. H—A Planned Town,” describing how con- 
struction of flood control reservoir resulted in establishment of an old 
community at a new location, illustrated by colored lantern slides, 
was read by John L. Hayden of Hayden, Harding, and Buchanan, 
Consulting Engineers, Boston. 

Motion pictures showing “Activities and Operation of the Boston 
Fire Department,” and including pictures of the destruction of the 
Hindenburg, and also pictures of the London Fire of 1940 caused by 
incendiary bombing, were shown by James Donovan, Aide to Fire 
Commissioner Reilly. 


APRIL, 1942, MEETING 
Joint Meeting of the 


New England Water Works Association 
and 
New England Health Institute 


BILTMORE, PROVIDENCE, R. I. 
Thursday, April 23, 1942 


President Francis H. Kingsbury in the chair. 
President Kingsbury submitted the following report on the 
guarding of public water supplies: 


At the meeting of the New England Water Works Association on March 19, 
1942, a resolution was passed which asked that the New England Water Works 
Association request the War Department to appoint a duly qualified officer or offi- 
cers to study the problem of proper and adequate guarding of water utilities in 
cooperation with a representative or representatives of the leading water works 
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associations of the country to the end that a satisfactory solution of the problem 
be arrived at promptly. 

In accordance with this resolution your President communicated the contents 
thereof to the War Department. Under date of April 3, 1942, your President 
received the following communication from John P. Smith, Major General, Chief 
of the Administrative Services, Headquarters, Services of Supply, War Depart- 
ment, Washington, D. C.: 

“Your letter of March 24, 1942, with inclosed resolution. addressed to the 
Secretary of War has been referred to this office for consideration and reply. 

The matter of adequately protecting water supply systems has been studied in 
detail by the National Technological Civil Protection Committee and the Associa- 
tion of American Water Works. The report of the first group is on file at the 
headquarters of the Commanding General, First Corps Area, Boston, Massachu- 
setts and copies of the American Water Works study are inclosed herewith. Addi- 
tionally the United States Public Health Service and the Office of Civilian Defense 
have information on this subject. 

Should you desire further advice from military authorities it is suggested you 
contact the Commanding General, First Corps Area.”. 

The report of the American Water Works Association therein referred to was 
a brief of the action of the Board of Directors of the American Water Works 
Association at its annual meeting on January 19 and 20, 1942, which has been 
given wide publicity in engineering periodicals. The essence of that report, so far 
as it relates to guarding, is contained in Paragraph 8, which is quoted in part, as 
follows: 

“8. Consideration of the need for special guards about water works property 
resulted in adoption of the following statement by the American Water Works 
Association’s Board of Directors in a meeting held on January 20, 1942: 

WHEREAS, Experience abroad has not indicated the necessity for maintain- 
ing an elaborate and costly guard of all water works plants, and 

WHEREAS, A careful survey may be necessary to insure the most effective 
measures of protection within reasonable limits of costs, and 

WHEREAS, Guarding of vulnerable points may be effected by permanent 
ing or roving patrol the efficiency or economy of which only such a survey will 
show, 

Now therefore be it RESOLVED, That it is the recommendation of this 
Board that each person or body responsible for the operation of a water supply 
system cause to be made a confidential survey of water works structures under 
their supervision to ascertain the points of vulnerability so that protective meas- 
ures both in equipment and personnel can be effected to the extent necessitated 
by local requirements.” 

It will be noted that in the second preface to the resolution a careful survey 
may be made necessary to insure the most effective measures of protection 
within reasonable limits of cost. It is your President’s understanding that such 
surveys have been made in most of the New England States by water works offi- 
cials assisted in some instances by the State military authority and in others with 
the assistance of the Departments of Public Health and State Police and that the 
guarding of municipal water supplies vital to war production has been scrutinized 
and recommendations made for improving such guarding. 

The other report referred to in the letter from Major General Smith is that 
-made by the National Technological Civil Protection Committee entitled “Engi- 
neering Aspects of Protection of Civilians and Their Work Against Air Raids”. 
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This report is commonly known as the Binger Report, having been prepared after a 
visit to England by Walter D. Binger, Chairman of that committee. I have had 
access to that report and find that it deals for the most part with the protection 
and conduct of civilians during and after air raids and deals very briefly with the 
question of guarding of water works plants. It refers to the fact that certain 
guards have been stationed in the vicinity of such plants but not primarily for the 
guarding of such plants against sabotage, although the presence of such troops in 
particular instances would undoubtedly militate against sabotage. 

It appears from the answer from the War Department that we are still left 
to our own resources with such advice as may be obtained from State, military, 
police. utility and health authorities. 

The general meeting was held in the ballroom of the hotel. 
Chairman, Erville R. Coffey, M.D., Assistant Surgeon General, 
United States Public Health Service. 

A paper, “Public Health Liaison in National Defense,” was read 
by Joseph Bolten, M.D., Medical Director, United States Public 
Health Service, Liaison Officer, First Corps Area. 

A talk, “Emergency Medical Care in Civilian Defense,” was 
given by Dudley A. Reekie, M.D., Senior Surgeon, United States 
Public Health Service, Medical Director N. E. Office for Civilian 
Defense. 

A paper, “Public Water Supply in the Civilian Defense Pro- 
gram,” was read by R. E. Tarbett, Senior Sanitary Engineer, United 
States Public Health Service. Percy A. Shaw, Warren J. Scott, 
Francis H. Kingsbury, Major Brewster and Howard C. Mandell took 
part in the discussion. 


MAY, 1942, MEETING 
MANCHESTER Country CLUB 
Manchester, New Hampshire 
Thursday, May 21, 1942 
Vice-President Horace L. Clark in the chair. 

The Association was welcomed to Manchester by Mayor Wilfred 
A. Laflamme. 

A paper, “Cleaning, Sterilizing and Incorporating the Amoskeag 
Mills Water System into the Manchester, N. H., City System,” was 
read by Percy A. Shaw, Superintendent and Engineer, Manchester 
Water Works, Manchester, N. H. William B. Duffy, Earle A. Tarr, 
Percy R. Sanders, Roger W. Esty, and Theodore Cate took part in’ 
the discussion. 
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OBITUARY 
GEORGE FIELD MERRILL 


George Field Merrill, 67, Superintendent of the Ware Water 
Department since 1924, died suddenly on December 29, 1941, follow- 
ing a heart attack. He was attending the weekly luncheon of the 
Ware Rotary Club when he was stricken. 

Mr. Merrill was born in Shelburne Falls on September 9, 1874, 
the son of George C. and Anna (Field) Merrill. He attended Arms 
Academy and studied engineering in the office of Clapp and Aber- 
crombie in Greenfield. He worked as a civil engineer for the Boston 
and Albany, Rutland and Canadian railroads and later served as en- 
gineer and superintendent on federal projects in San Antonio, Texas 
and Forts Dade and DeSoto in Florida. 

In 1896, Mr. Merrill was engaged in the location and construc- 
tion of about seven miles of street railway as rodman at Shelburne 
Falls, Mass. From 1897 to 1899 he was in the employ of the Boston 
and Albany Railroad as instrument man and masonry inspector in 
connection with the abolition of grade crossings, also in building con- 
struction. During 1900 he was employed for about six months as 
instrument man on the construction of the Rutland Canadian railroad. 
From 1900 to 1904 he engaged in the location and construction of 
about nine miles of the Greenfield, Deerfield, and Northampton Street 
Railroad, including the field engineering and foundation work for a 
steel bridge 375 feet in length with concrete-filled steel piers. During 
this period, he was employed by the Clapp and Abercrombie Co., 
Civil Engineers. In 1904 and 1905, Mr. Merrill engaged in the con- 
struction of barracks and quarters at the cavalry and artillery addi- 
tion also of roads, water works, and sewers at Fort Sam Houston, 
Texas, as Assistant Superintendent of Construction, Quartermaster’s 
Department, at large under Captain L. J. Fleming, Constructing 
Quartermaster. 

From 1905 to 1907, Mr. Merrill was in charge of the construc- 
tion of quarters, ordnance storehouses, paved brick roads and walks, 
the making of repairs to a dock, and the erection of a building for a 
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pumping station and ice-plant while stationed at Forts Dade and 
DeSoto, Fla. as Civil Engineer and Superintendent of Construction 
under the Constructing Quartermasters. Both of these positions were 
obtained by Civil Service appointment after examinations. From 
1907 to 1917 he engaged in the construction and maintenance of 
water works as Civil Engineer and Superintendent at Greenfield, 
Mass. This work included the building of an additional supply con- 
sisting of a concrete dam, a large open well of reinforced concrete 
sunk by the open caisson method, an open filter bed, pumping station 
with a capacity of 3 m.g.d., electric pump and other mechanical equip- 
ment, and the laying of about 4000 feet of cast-iron pipe 16 and 18 
inches in diameter. This work was built by the Department on force 
account, and included the construction of an equalizing reservoir of 
concrete with groined arch roof of 2% m.g. capacity and the laying of 
about one mile of 24-in. cast-iron pipe. 

On August 4, 1923, Mr. Merrill resigned and was succeeded by 
H. L. Field. Mr. Merrill came to Ware as Superintendent of the 
Water Department in 1924 and held this position until his death. 
Major extensions to the system were made by him, including the 
installation of hydrants in the business and residential sections. Many 
miles of old mains were cleaned, and new equipment was installed at 
the pumping station. 

“George” as he was known to all was an active member of the 
New England Water Works Association and contributed to discus- 
sions and acted on various committees. His whole life, his every 
waking moment were given over to engineering, and his advice and 
counsel were sought by many who knew him. 

‘In Ware, Mr. Merrill was a vestryman of Trinity Episcopal 
Church, a member of Eden Lodge of Masons, and Ware Rotary Club. 
He was a member of the American Society of Civil Engineers, and a 
charter member of the Greenfield Lodge of Elks. Mr. Merrill spent 
three days without rest during the hurricane and flood of 1938. He 
was instrumental in providing temporary water connections on the 
south side of the Ware River when that section of the town was cut 
off from the main area as the bridge collapsed, and he took a promi- 
nent part in rescue and relief work in the floods of 1936 and 1938. 

Besides his widow, Mr. Merrill leaves four sons, Eustace I. of 
Plainfield, N. J., Lloyd and Neale of Ware, and Douglas K. of South- 
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bridge; a sister, Mrs. Herbert P. Ware of Shelburne Falls; three 
brothers, Phillip and Roy of Shelburne Falls and Edward of West 
Roxbury; and two grandchildren. 


James W. REILLY 


ALEXANDER H. O’BrIEN 


Alexander H. O’Brien, Registrar of the Holyoke Water Depart- 
ment, died in his home, 8 Beacon Avenue, Holyoke, Mass., on January 
11, 1942. Although in failing health for many years, the end came 
suddenly and was a great shock to his associates and to many friends. 

Mr. O’Brien was born in Holyoke, April 9, 1876, the son of 
John T. and Mary (Welch) O’Brien and was educated in the Holyoke 
schools. He entered the employ of the Water Department as Clerk 
in the Office of the Superintendent in 1903, became Assistant Super- 
intendent in 1913, and was appointed Registrar in 1920. Previous 
to his connection with the Water Department, he served on the Board 
of Aldermen for one year. 

Possessed of a beautiful baritone voice which was generously 
used for entertainment of social gatherings, he was, in his younger 
days, a member of the St. Jerome Choir and later the Choir of the 
Holy Cross Church. 

He was one of Holyoke’s leading golfers, and when in form 
played consistently in the low seventies. He was also a well known 
whist player, taking part in several tournaments with better than 
average success. 

Besides his affiliation with the New England Water Works Asso- 
ciation, of which he became a member January 12, 1921, he was also 
a member of the Holyoke County Club, Park Lyceum, New England 
Order of Protection, Holy Name Society of Holy Cross Parish, 
Holyoke Lodge of Elks, Shields Court M. C. O. F., and the Royal 
Arcanum. 

He left, besides his wife Margaret (Healy) O’Brien, three sons, 
John T., A. Edward, and Ralph E. O’Brien, all of Holyoke; two 
daughters, Mrs. James E. Kenney of Holyoke and Mrs. Austin Gilfoil 
of Northampton, and four grandchildren. 
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In his death, the City of Holyoke lost an able and efficient public 
servant and his departure is mourned by his associates and friends. 


Patrick J. Lucey 
Hucu McLean 


ABEL REYNOLDS 


Memoirs often are only a listing of the pertinent facts of a life 
and a career ended. If, somehow, there could be woven into the drab 
fabric some threads of the personality of the departed, the record 
thus might be made more truly representative and satisfying. These 
are things we feel, however; they are not easily uttered, either 
verbally or in writing. We do not know how to put adequately into 
words the sudden, depressing realization that one, such as Abel 
Reynolds, with whom we liked to associate, will not again meet with 
us in the familiar places. 

His career was in the best American tradition. Conspicuous 
diligence and inherent ability, supplemented by a rare combination of 
keen business insight and genial disposition, brought him continual 
advancement. Moreover, he took time, throughout his busy life, to 
contribute importantly to numerous activities in his community. 
Church, fraternal, and other organizations asked and received his 
assistance. 

Mr. Reynolds was born in Providence, May 5, 1872, and spent 
his entire life in that city. He obtained his education in the public 
schools, the famous private school of Mowry and Goff (afterward the 
University Grammar School), and the Bryant & Stratton Business 
College. 

Abel began work as timekeeper with the Armington & Sims 
Company, builders of the well known steam engine of that name, 
finally becoming head accountant before the concern discontinued 
cperations. In 1899, at the age of 27, he became a meter reader with 
tne Narragansett Electric Lighting Company. At this time, the 
company’s customers numbered 1600; on the 25th anniversary of his 
employment, the total had increased to 50,000. In the early days, 
many humble tasks were assigned to him, and so faithfully did he 
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perform them that gradually he was given assignments of much 
greater importance. He became successively, secretary to the general 
superintendent, Walter L. Barnes; secretary to Marsden J. Perry, 
President; and engineer assistant to Arthur B. Lisle, General Mana- 
ger. When the company was taken over in 1927 by the New England 
Power Association, he was made manager of the Warren and Bristol 
Division. 

Mr. Reynolds left the Narragansett Company in 1928 to become 
associated with Mr. Lisle in the management of utilities. Among the 
offices he held were general manager and treasurer of the New 
England Water, Light, and Power Co.; president of the Wakefield 
Water Co.; vice president of the East Greenwich Water Co.; vice 
president of the Pawtuxet Valley Water Co.; vice president of the 
Warren & Coventry Water Co.; president of the Cottage City Water 
Co.; and vice president of the Exeter, N. H., Water Co. 

In civic life, Mr. Reynolds served for 14 years on the Providence 
School Committee, exerting a powerful influence in the deliberations 
and decisions of this important organization. He was chairman of 
various sub-committees, including that on schoolhouses. He was 
a member of the Olneyville Business Men’s Association, chairman of 
the Board of the Free Public Library of that community, and for the 
last ten years president of the Trustees. 

In Providence Mr. Reynolds was a member of the Turks Head 
Club and the Providence Engineering Society. In the Masonic 
fraternity he held membership in numerous bodies: Past Master of 
Nestell Lodge; charter member of Roosevelt Lodge, treasurer for 17 
years; and for a long time secretary and treasurer of the Past Masters 
Association and of the Masonic Veteran’s Association. 

After a severe illness of two months, Mr. Reynolds died on 
February 12, 1942, in his 70th year. Surviving are his wife, Louisa 
A. Reynolds, and daughters, Mrs. Helen A. Murray and Mrs. Louise 
D. Bradner. The Church of the Messiah, Olneyville, R. I., was filled 
with his friends at the funeral services, February 14, 1942. 

Many letters from writers in many states have been received 
by Mrs. Reynolds, expressing not only sympathy, but high regard for 
her husband and the loss to the water works fraternity. As one wrote, 
“He always had something constructive to contribute”. Perhaps the 
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best commentary of all, needing no elaboration, is the long enumera- 
tion in the preceding paragraphs of the positions of trust he held 
and filled with rare ability. 

Abel Reynolds was elected our treasurer in September 1938, and 
served with fidelity. Not only will he be greatly missed in this capacity, 
but at our meetings and conventions where many eagerly sought his 
sound advice and lively companionship. 

CuHarLes G. RICHARDSON 
Epwin H. ARNOLD 
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ADVERTISEMENTS. 


ENGINEERS 


HOWARD E. BAILEY 


Consulting Sanitary Engineer 


Water Works Water Purification 
Sewerage Sewage Treatment 
Industrial Wastes Disposal 


177 State St., Boston, Mass. 


Samuel M. Ellsworth 
M. Am. Soc. C. E. 
Consulting Engineer 


Water Supply and Sewerage 


Investigations, Reports and Designs, 
Supervision of Construction and 
Operation 


6 Beacon Street, Boston 


FRANK A. BARBOUR 
Consulting Engineer 
Water Supply, Water Purification, 


Sewer and Sewage Disposal, 
Valuations 


Tremont Building, Boston, Mass. 


FAY, SPOFFORD & THORNDIKE 


Frederic H. Fay Charles M. Spofford 
John Ayer ion A. Bowman 
Carroll A. Farwell Ralph W. Horne 
Water Supply—Sewerage—Drainage 
Structural and Foundation Problems 


(nvestigations Reports Designs Valuations 
Engineering Supervision 
11 BEACON STREET BOSTON 


H. K. BARROWS 


M. Am. Soc. C. E. 


Consulting Hydraulic Engineer 


Water Power, Water Supply, Sewerage, Drain- 
age, Investigations, Reports, Valuations, 
Designs, Supervision of Construction 


BOSTON, MASS. 6 BEACON ST. 


MORRIS KNOWLES, INC. 


Engineers 


Water Supply and Purification, Sewerage 
and Sewage Disposal, Industrial Wastes, 
Valuations, Laboratory, City Planning. 


1312 PARK BUILDING 
PITTSBURGH, PA. 


IRVING B. CROSBY 


Consulting Engineering Geologist 


Investigations of Dam and Reservoir 
Sites and Groundwater Supplies 


6 BEACON ST. BOSTON, MASS. 


METCALF & EDDY 
ENGINEERS 


Sewage, 


Water, Drainage, Garbage 
and Industrial Wastes Problems 
Laboratories 
BOSTON, MASS. 
Statler Building 


Valuations 


Reeves Newsom E. H. Aldrich 


NEWSOM & ALDRICH 


Engineer-Consultants 
Water Supply, Purification 
and Distribution 
Sewerage and Sewage Disposal 
Valuations and Reports 
500 Fifth Ave. Williamsburg, Va. 
New York Harrisburg, Pa. 


30 Church Street - - New York 


CLYDE POTTS 


M. Am. Soe. C. E. 
Consulting Sanitary Engineer 


Sewerage and Sewage Disposal 
Water Works and Water Supply 
Reports, Plans and Estimates 
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ENGINEERS 


MALCOLM PIRNIE 
ENGINEER 
Water Supply, Treatment, Sewerage 
Reports, Plans, Estimates, 


Supervision and Operation, 
Valuation and Rates. 


25 West 43rd Street, New York, N. Y. 


WESTON & SAMPSON 


Consulting Engineers 
Robert Spurr Weston George A. Sampson 


Water Supply and Sewerage 
Chemical and Bacteriological 
Laboratory 


14 BEACON ST. BOSTON, MASS. 


THE PITOMETER COMPANY 


ENGINEERS 


Water Waste Surveys 
Trunk Main Surveys 
Water Distribution Studies 
Penstock Gaugings 


50 Church Street New York City 


WHITMAN & HOWARD 
HARRY W. CLARK, Associate 
Civil Engineers 
(Est. 1869. Inc. 1924.) 
Investigations, Designs, Estimates. 
Reports and Supervision, Valua- 


tions, etc., in all Water Works and 
Sewerage Problems 


89 BROAD ST. BOSTON, MASS. 


RESERVOIRS and TANKS 
LINED and RESTORED 
with 


UNITE 


NATIONAL GUNITE CONTRACTING 
COMPANY 


Engineers and Contractors 
82 W. Dedham St. BOSTON 


For Valves, Hydrants and 
Centrifugal Pumps 


Lasts longer, operates easier, 
reduces wear 
Costs far less in the long run 
ACE O PAX #4 and #90 
No Rubber or Binder _ No Rot 


HENRY D. JACKSON 
29 Noyes St. Concord, N. H. 


C. REPPUCCI 


& SONS. 


INC. 


GENERAL CONTRACTORS 
Ground Water Supply 


Gravel Packed Wells 
Water Works 


Driven Wells 
Reservoirs 


Drainage and Sewerage Works 


10 Garden Court Street 


(Tel. Lafayette 7330) 


Boston, Mass. 
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INGHAM & TAYLOR’S Sliding Type 

Service and Valve Boxes are meeting 

with the approval of many New England 
Waterworks officials. 


The cuts shown are our 
two and three piece 
sliding type adjustable 
valve boxes. 


The flange on the bottom 
of the top section can 
be located any distance 
from the top. 


We carry a complete 
stock on hand at all 
times. 


Wire, phone or write 
us when you are in a 
hurry for a shipment. 


etABLISHED 


Bingham and Taylor 


Corporation 


MANUFACTURERS 
575-601 Howard Street Buffalo, N. Y. 
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In every industrial center in this Country where factories are working to 
help win the war, you will find HERSEY DETECTOR METERS on their fire 
services, so necessary for their protection. The HERSEY DETECTOR METER 


protects against waste and misuse of water so vital to our very lives. 


HERSEY MANUFACTURING COMPANY 
SOUTH BOSTON, MASS. 
BRANCH OFFICES: NEW YORK— PORTLAND, ORE. — PHILADELPHIA — ATLANTA — DALLAS — CHICAGO — SAN FRANCISCO—LOS ANGELES 
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WATCHDOG 


WATER METERS 


... built to give 
LASTING SATISFACTION 


The Worthington-Gamon Meters of today 

represent an experience of 85 years... 

dating back to the invention of the piston 

meter, in 1855, by Henry R. Worthington. 
With 3,650,000 meters now serving 

thousands of communities, this organiza- 

tion offers to municipalities and water 

companies a product 

whose accuracy and 

low maintenance re- 

quirements have 

proved it to be a sound 

investment. 


Write for literature. 


General Offices: HARRISON, NEW JERSEY 
District Soles Offices and Representatives throughout the United States 


WORTHINGTON - GAMON 
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for a 
Meter Conservation 
Program 
1. Remove all meters 
after a certain period 
of time or after a cer- 
tain total consumption, 
Sor combination of both. 
Test them when 
H brought into the shop 
Hfor repairs, keeping a 
record of these tests. 
Test at rate of flow in 

per minute. 
Repair them care- 
fully, especially the 
mchambers and gear 
trains, keeping a rec- 
Bord of repair costs, both 
parts and labor. 

m4. Test them after re- 
E pairs, requiring a high 
= percentage of registra- 


Recommendations x 


NEPTUNE METER COMPANY - 50 West 50th Street - NEW YORK CITY 


Branch Offices in CHICAGO, SAN FRANCISCO, LOS ANGELES, PORTLAND, ORE., DENVER, DALLAS, 
KANSAS CITY, LOUISVILLE, ATLANTA, BOSTON. 
Neptune Meters, Ltd., Long Branch, Ontario, Canada. 


(near Toronto! 


METER CONSERVATION 
4 J 


INCREASE WATER REVENUE 


REDUCE OPERATING COSTS 


ROPER meter conservation, instead of increasing the cost 

of water to the consumer, has proved a means of minimiz- 
ing such costs by reducing water works operating expenses 
- . . to the extent that in some instances water rates in the 
community have been substantially lowered, yet the water 
company has had funds to set aside for improvements and 
extensions of the system. 


Water companies, when starting a regular meter conserva- 
tion program of testing and repairing, will find that they have 
been losing much revenue due to under-registration of meters. 
Customers will no doubt complain of high water bills when 
meters have been restored to accuracy, but bills will decrease 
when formerly unsuspected leaks have been stopped and 
carelessness in the use of water has been eliminated. Records 
kept will allow a much closer control over leakage losses which 
may occur from time to time. 

On the whole, the Water Departments will be paid for a 
much greater proportion of their pumpage. At the same time, 
pumpage will be materially reduced, resulting in a real saving 
in fuel and chemicals. Multiply such savings by thousands of 
small communities — savings in materials and in their produc- 
tion-hours released for WAR work — and you begin to visualize 
the Water Departments’ contribution towards helping win 
the war. 

Your experienced Trident representative will be glad to 
cooperate with you in your meter conservation program . . . 
and, in addition, you are invited to write us for our new 
Booklet #597. It is a thorough and informative study of this 
important subject, based on actual practice. 
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2 for I Play Safe 


in your selection of Service Pipe 
Eliminate the danger of metal poisoning and at the same time eliminate corrosion. 


Specify EUREKA Cement Lined Pipe 


IMMEDIATE DELIVERY TO WATER WORKS 


EUREKA PIPE COMPANY, Inc. 


MANUFACTURERS OF 
Centrifugal Cement Lined Pipe — Lead and Tin Fittings 
591-593 WASHINGTON ST. TEL. 3-9550 LYNN, MAss. 


Health and Protection First 


Water delivered through dirty pipes 
may be a MENACE. 


Incrusted water pipes mean inefficiency 
and loss of Fire Protection. 


We Guarantee the Results of Our 
Method of Cleaning. 


WRITE US. 


National Water Main Cleaning Co. 
30 Church Street New York City 


Cement Lined Service Pipe PIERCE - PERRY CoO. 


Cement lined pipe has eliminated Wholesalers of 
corrosion and metal contamination Water Weeks Brass Goods. 
for 60 years Byers Wrought Iron Pipe. 


Youngstown Steel Pipe. 


Write for Literature Valve and Service Boxes. 


Cement Lined Pipe Co. | 236 Congress St., Boston, Mass. 
Lynn, Mass. Telephone, Hancock 7817-7818 
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Ir your city were 
bombed tonight... 


Would all your hydrants be ready 
for immediate service — prepared 
to deliver a quick, steady flow of 
water at many points? If they’re 
Ludlow Hydrants, there can be 
only one answer—it’s an emphatic 
YES! 

Ludlow Hydrants afford the 
best protection against multiple 
flare-ups (such as caused by 
bombings) or routine fires. They 
respond instantly, yielding an 
abundant flow with minimum 
shock. Complete drainage at the 
lowest point prevents freezing. 
Wedge locking gate prevents 
flooding. Inspections may be made 
easily, without digging out parts 
beneath ground surface. Volun- 
teer fire-fighters, with emergency 
training, find Ludlow Hydrants 
easy to operate. You’ll find that 
they afford ideal protection for 
that new defense area in your 
community. Send for Catalog. 


The Ludlow Valve Mfg. 
Co., Ine. 


TROY, NEW YORK 


Ludlow Construction: Self-releasing 30° 
angle wedges and free-floating gates, 
self-adjusting to seats, afford smooth, 
trouble-free performance, 
long service. Opening 
and closing of hydrant 
automatically opens and 
closes drain, located at 
lowest point. Clogging 
is prevented. Gate is 
wedge locked, when 
closed, to prevent flood- 
ing. All working parts 
may be lifted through 
top of hydrant for easy 
inspection. Top and bot- 
tom bodies bolted  to- 
gether at ground line. 
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TIGHT JOINTS 


REGARDLESS OF PIPE SIZE 
OR SOIL CONDITION 


NDER all conditions of serv- 

ice cast iron water mains 
can be laid with assurance of 
permanently “bottle-tight”’ joints 
if HYDRO-TITE is used as the 
jointing compound. 


No matter how large or small 
the pipe nor how tough the 
going may be, HYDRO-TITE 
will prove the easiest and most 
economical to use. 


HYDRO-TITE has a record of 
aaa more than a quarter century 
without a failure anywhere. 


A Dependable 
Self-Caulking Joint Compound 


HYDRAULIC DEVELOPMENT CORPORATION 


Main Sales Office: 50 Church Street, New York, N. Y. 
General Offices and Works: West Medford Station, Boston, Mass. 
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HIGH DELIVERY CAPACITY — Williams 
and Hazen flow-coefficient is C = 
140 for J-M Transite Pipe. 


CANNOT TUBERCULATE— because 
Transite is made of asbestos and 


cement, non-metallic. 


HIGHLY CORROSION-RESISTANT— assur- 
ing long life and low upkeep. 


QUICKLY INSTALLED—Transite is light 
in weight, easily handled. The Sim- 
plex Coupling makes assembly so 
easy that even unskilled crews can 
form tight joints rapidly. 


FOR DETAILS on Transite Water Pipe, 
send for brochure TR-11A. For 
details on Transite Sewer Pipe, 
send for brochure TR-21A. Johns- 
Manville, 22 East 40th Street, 
New York, N. Y. 
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“EVERYTHING-BY-ONE- 
MANUFACTURER” 


HAS ALWAYS HELD APPEAL FOR ENGINEERS WHO 
WANTED TO PLACE ON ONE FIRM UNDIVIDED RESPONSI- 
BILITY FOR THE SUCCESS OF A WATER WORKS’ EQUIP- 
MENT. 


IN THESE DAYS, THAT UNIFICATION DOES EVEN MORE. 
IT REDUCES THE TERRIFIC TASK OF COORDINATING 
SHIPMENT FROM DIFFERENT FIRMS, EACH OF WHICH 
OPERATES ON WIDELY VARIED WARTIME SCHEDULES. 


NEW CONCENTRATIONS OF INDUSTRY AND ITS WORKERS 
IN NEW ENGLAND RAISE PRESSING WATER WORKS PROB- 
LEMS. LET FAIRBANKS, MORSE SHOULDER THE LARGER 
PART OF THEM. 


New installations by Fairbanks, Morse at 
Windsor, Vermont Methuen, Mass. 
Springfield, Vermont West Boylston, Mass. 
Hill, N. H. Cumberland, R. I. 


Write to 


FAIRBANKS, MORSE & CO. 
178 Atlantic Avenue Boston, Mass. 
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ONCE THE GRIM SYMBOL OF 
FIERY DESTRUCTION, NOW HELPS 
CLEAR UP TRAFFIC HAZARDS 


the brimstone of the Bible, and 
Thiokol, a synthetic rubber made from brim- 
stone, are the elements in Tegul-MINERALEAD 
which cause joints made with this different 
compound to seal almost at once s This 
quick sealing permits prompt back-filling and 
disposal of traffic hazards incidental to main 
laying g Tegul-MINERALEAD has other im- 
portant advantages: in being immune to water, 
and to position changes; in ease of handl- 
ing and shipping and in laying and mainte- 
nance economy g By all means, write for com- 
plete information. You'll be glad you did. 
The ATLAS MINERAL Products Company of 
Pa., Mertztown, Pennsylvania. 


[MINERALEAD: 


for BETTER JOINTING of 
BELL & SPIGOT MAIN 


DONALDSON IRON CO. 


MANUFACTURERS 


. AND. 


Special Castings for Water and Gas 
Also Flange Pipe and Fittings 


EMMAUS, LEHIGH COUNTY, PA. 


New York Office: E. A. NOONAN, 225 Broadway 
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Pick out the corner 


where most hydrants are broken 


. . . and install a 
SAFETOP Fire Hydrant 


Is there a street in your community with a bad record for 
vehicular accidents? If so, you can greatly reduce the 
fatalities, the property damage and the repair expenses 
arising from collisions which involve fire hydrants by in- 
stalling Kennedy SAFETOPS. 

These unique hydrants, while amply strong to resist ordi- 
nary impacts, give way at the Safety Breakable Section if 
struck in a smashing collision. There is no flooding, the 
water supply need not be shut off while awaiting or making 
repairs, and the hydrant can be returned to service by one 
man, within half an hour, without excavating, and at a 
total cost of less than $10.00 for new parts and labor. 

In addition to these important benefits, the Kennedy 
SAFETOP Fire Hydrant responds promptly and effectively 
to service demands. 


Write for prices and full information 


The Kennedy Valve Mfg. Co., Elmira, N. Y. 


KENNEDY 
SAFETOP FIRE HYDRANT 
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Valves and Hydrants 


Distinctive Features of the EDDY Valves 


8 a! three parts are moved by the Stem—the 
ball and the two gates. Each gate is hung 
from one of the trunnions on the ball. A convex 
surface at the base of each trunnion fits a concave 
surface on the back of the gate. This allows the 
gates to adjust themselves properly to their seats. 

. The gates, being free to revolve on the 
trunnions, do not always seat in the same position. 
Gates are center bearing and adjustable. They 
are forced to their seats with equal pressure at all 
points. There are two hooks on the ball on sizes 
4-inch and larger, which loosely engage with the 
gates, 


Distinctive Features of Our New Swivel 
‘Top Hydrants . 


‘T= new hydrant has all the advantages of the 
popular EDDY fire hydrant, plus several addi- 
tional features. . . . Nozzles are in a_ short 
flanged section of the standpipe, which may be un- 
bolted and turned to different position. . . 
Should the standpipe be broken, only the cast. 
ing below the swivel head need be replaced. 


. . « To raise the hydrant to conform to a 
new grading, simply insert a flanged extension 
piece below the swivelhead. No digging. To 
add a steamer nozzle at any time, it is only 
necessary to replace the swivel head with one 
having a steamer nozzle. 


Besides valves and hydrants to meet the most 
exacting demands of waterworks service, the 
complete EDDY Line includes: valves for 
sewage disposal works; valves for steam, gas 
and oil; check valves, foot valves, plug valves, 
shear gates, indicator posts, etc. EDDY valves 
are made in three classes: Iron Body Bronze 
Mounted, All Bronze, and All Iron Valves. 


w 
Eddy Valve Co. 


WATERFORD NEW YORK 
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LEAD PIPE 


Used by leading WATER WORKS for over 50 years. If 
proper weight is used, combined with good workmanship, 
your FINAL COST is assured, as REPAIRS are unnecessary. 
LEAD PIPE IS sufficiently ductile to conform to any sagging 
condition. There is no RUSTING of pipe or joints; no 
DISCOLORATION of water. 

HIGHEST QUALITY SOFT OMAHA PIG LEAD 


LEAD WOOL 


Every atom pure lead 
For calking pipe joints under the most difficult conditions. 


RED LEAD 


For rust-proofing tanks and pipes. 
Write for Water Works specifications. 
PURE BLOCK TIN PIPE TIN-LINED LEAD PIPE 
DUTCH BOY WHITE LEAD 
SOLDER 
National-Boston Lead Co. 
800 Albany Street Boston, Mass. 


Meters and Controllers, in- 
stalled on many Army and 
Navy projects, are doing their 
share in supplying potable wa- 
ter to our boys wherever they 
are serving ‘‘Old Glory.’’ 


DIVISION OF BULDERS FOUNORY) 
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THE A. P. SMITH MFG. CO., 
East Orange, New Jersey 


Manufacturers of high-grade 
specialties in connection 
with water and gas depart- 
ment work, consisting of— 
Machines for inserting valves 
under pressure, and for mak- 
ing large right angle con- 
nections to mains under 
pressure, and for inserting 
house service connections 
under pressure. 
Also makers of— 
Pipe Cutting Machines, each 
size being adjustable for use 
on three different sizes of 
pipe. 
High-grade water works sup- 
plies, such as Hydrants, 
Valves, Meters, Corporation 
Cocks, etc. 
We also make a new type 
of hydrant which has a 
breakable joint at the ground 
line which when struck with an impediment will 
break at a specified point and only a coupling 
has to be used to repair the hydrant, which will 
be back in service in twenty (20) minutes. 
“HYDRANT WITH BREAKABLE COUPLING” 


THE AP.SMITH MFG.CO. Zast Orange NJ 


The Ford Resttter 


AN IDEAL FITTING for RAISING 
TOO-LOW METERS EASILY 


between 
old meter 
couplings. 


Improve your old meter settings by in- 
stalling the RESETTER. ring your 
water meters up out of the mud and 
— so that they are easier to read 
and take care of. Write for catalog. 


The Ford Meter Box Co. 


WABASH, INDIANA 
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FOR ALL TYPES OF FERROUS AND 
NON-FERROUS SERVICE LINES 


WATER Departments who are 
turning to alternate types 
of service pipe in place of re- 
stricted copper tubing, will find 
the correct type of corporation 
stops and couplings at Hays. 


The standard line of Hays 
products includes brass and iron 
goods for all types of ferrous or 
non-ferrous pipe. Three dif- 
ferent types of corporation stops 
for lead pipe and iron pipe are 
shown at left. These and other 


Hays water works products are 
illustrated in the Hays Catalog. 


Write for your copy. 


HAYS MANUFACTURING COMPANY, ERIE, PENNA, 
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MORE WATER FOR THIRSTY CITIES 


Is your present pumping equipment obsolete or 
insufficient? If so, Morris Water Supply 
Pumps will provide new standards of efficien- 
cy and dependability for your pumping plant. 
These units have made notable records in 
water supply pumping stations because of their 
many distinctive features of design that pro- 
vide remarkably high efficiency and assure 
thoroughly dependable operation. Every water 
department superintendent should know about 
the most recent developments in Morris Pump 
design. Write for complete information. 


STARKWEATHER NEWTON, 
ENGINEERING CO. Morris MASSACHUSETTS 


CENTRIFUGAL PUMPS 
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DE LAVAL 


CENTRIFUGAL WATER WORKS PUMPS 


Town of Maynard — White Pond Station 


The pumping station shown above was designed by F. A. Barsour, Consulting 
Engineer and includes two automatically operated, motor driven DE LAVAL 
pumping units. Official acceptance test results were significantly higher than 
the guarantees. 

If your requirements are increasing or new sources of supply necessitate ad- 
ditional pumps, we believe DE LAVAL equipment will be of interest. 


TURBINE EQUIPMENT COMPANY OF 
NEW ENGLAND 


Phone LiBerty 5993-5994 


80 Federal Street Boston, Mass. 


New England Representatives for 


DE LAVAL STEAM TURBINE COMPANY 


TRENTON, NEW JERSEY 


| 


ay 
| 
| 


ADVERTISEMENTS. 


HEALTH DEFENSE... today 


Wallace & Tiernan representatives are on the job to help you increase the safety 
of water supplies against possible air raids, sabotage and other emergency condi- 
tions. Their suggestions are based on information obtained from “blitzed” areas in 
England, as well as from American military and civilian defense authorities. They 
can advise on procedures already being followed at critical coastal points. 

A safety check-up of your present chlorinating facilities and operating methods 
may reveal simple changes that make for greater safety. 

Where new equipment is needed for essential jobs such as secondary chlorina- 
tion of open distribution reservoirs, emergency sterilization of broken mains, 
and the like, you will find W&T ready to be of service with complete data, equip- 
ment and service. 


BUDGET DEFENSE ... tomorrow 


As you equip yourself to assure higher standards of safety for the war emergency, 
remember that an investment in W&T chlorinating equipment has sound peace- 
time value as well. Today’s acute public consciousness of the need for safe water 
can be acted upon with full confidence that you’re making a constructive move 
for the future. 

Protection against floods, fires and other natural emergencies will always be 
necessary. Moreover, problems of taste and odor control, and other water treat- 
ment steps required for improved palatability, can usually be met by the same 
highly flexible equipment now so necessary to safeguard health. 

Your W&T Representative will work with 
you in extending your chlorination facilities in 
a way that’s soundly planned for long term 
satisfaction and low operating expense. Call 
him today, or write direct for Technical Bulle- 
tins giving facts and figures. SA-131-S 


"The Only Water is Sterilized Water 


WALLACE & TIERNAN CO., Inc. 


MANUFACTURERS OF CHLORINE AND AMMONIA CONTROL APPARATUS 
NEWARK, NEW JERSEY + REPRESENTED IN PRINCIPAL CITIES 
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EDSON 
PUMPS and ACCESSORIES 


Hand Pumps - Power Pumps 
Truck or Trailer Mounted 


Edson Special Suction Hose 
Red Seal Diaphragms 
Edson Bronze Hydrant Pump 
Strainers, Adapters, etc. 


Distributors for 


Pollard Pipe Line Equipment 
Electric Pipe Thawers 


Universal Pipe Locator 
Universal Water Leak Detector 


THE EDSON CORPORATION 


49 D Street, Tei. south Boston 3041 South Boston 
New York: 142 Ashland Place, Brooklyn 


Warren Foundry & Pipe Corp. 


Warren Pipe Co. of Mass., Inc. 


SALES OFFICES 


11 BROADWAY, NEW YORK 
75 FEDERAL STREET, BOSTON, MASS. 


Manufacturers of 


CAST IRON PIPE 


Flanged Pipe Flexible Joint Pipe 


Bell and Spigot Pipe 
Special Castings Short Body B. & S. Specials 
Warren (W) Spun Centrifugally Cast Iron Pipe 


WORKS: PHILLIPSBURG, N. J. and EVERETT, MASS. 


Large Stock Enables Us to Make Prompt Shipments 
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For an Extremely Smooth Pipe Interior 
SPECIFY 


sPUN ITUMASTIC Lininc 


This Will Assure You of 
NO LOSS IN CAPACITY 
NO TUBERCULATION OR INCRUSTATION 
NO EFFECT ON WATER QUALITY 


Recent Repeat Flow Test Shows High 
Williams Hazen Coefficient Unchanged After 
EIGHT YEARS 


Wailes Dove-Hermiston Corporation 


General Offices: Westfield, N. J. 
New York District Office: 17 Battery Place, N. Y. C. 


Buy RENSSELAER Products 


@ Gate Valves @ Check Valves @ Corey Hydrants 


@ Air Valves @ Cone Valves @ Grease Cases 


@ Tapping Valves, Sleeves and Crosses 


Ask for Catalogue G 


Rensselaer Valve Co. Troy, N. Y. 


HERBERT B. CROWELL 
Sales Manager, New England Branch 


3 WASHINGTON SQUARE HAVERHILL, MASSACHUSETTS 
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AUTOMATIC VALVES 


Controls elevation 
of water 
in 
tanks, basins 
and 
reservoirs 


ALTITUDE VALVE 


1. Single Acting 
2. Double Acting 


Maintains 
desired discharge 
pressure 
regardless 
of change 
in 
rate of flow 


REDUCING VALVE 

Regulates pressures in gravity and pump 
systems; between reservoirs and zones of 
different pressures, etc. 


Maintains 
levels in tank, 
reservoir 
or basin 


1. As 
acting 


direct 


2. Pilot oper- 
ated and with 
float traveling 
between two 
stops, for upper 
and lower limit 
of water eleva- 
tion. 


FLOAT VALVE 


A self contained 
unit, with 
three or more 
automatic 
controls 


COMBINATION VALVE 


Combination automatic control both di- 
rections through the valve. 


Maintains 
safe operating 
pressures 
for 
conduits, 
distribution and 
pump 
discharge 


Electric 
remote control— 
solenoid or 
motor 
can be 
furnished 


REMOTE CONTROL VALVE 


Adapted for use as primary or second- 
ary control on any of the hydraulically 


controlled 01 operated valves. 


ROSS VALVE MFG. CO., INC. Box 592 


TROY, N. Y. 
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WE ARE PREPARED TO FURNISH 


RED HED CURB STOPS 
AND 
RED HED CORPORATIONS 


When Proper Priority Is Furnished Us 
by the Purchaser 


HED CO. 


Manufacturers of 


RED HED Brass Goods for Water Works - 


368 Congress Street Boston, Mass. 
| 
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In hundreds of communities where Mathews 
Hydrants are standard, a couple of extra Mathews 
Barrels take care of every emergency and all rou- 
tine service. These barrels, or standpipes, contain 
all working parts including main-valve and drain- 
valve seats. They are inserted through an outer 
protection and screwed up tight. Why not repair 
your accidents this easy way? Why not do your 
overhauling in indoor comfort? This is a reminder 
to Mathews owners to make a war-time check of 
their spare barrels. To everybody else it’s a big 
reason for specifying Mathews. 


HYDRANTS 


ESTABLISHED IN’ 1803 


OF SAND SPUN PIPE 
CAST IN SAND MOLDS) AND R. ‘D. WOOD GATE VALVES . 
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ADVERTISEMENTS. XXVii 


CLASSIFIED DIRECTORY OF ADVERTISEMENTS 


Page 

AIR CONDITIONING EQUIPMENT. 

Worthington Pump and Machinery Corp. vi 
AIR COMPRESSORS. 

Worthington Punp and Machinery Corp. vi 
ASBESTOS CEMENT PIPE. 2 

BRASS GOODS. 

(See also Pipe, Brass.) ade 


CALKING MACHINERY AND TOOLS. 


CAST IRON PIPE. (See Pipe, Cast Iron.) 
CEMENT LINED PIPE. (See Pipe, Cement Lined.) 


CHEMICAL FEED APPARATUS. 
Builders-Providence, Inc. 


CHLORINATORS. 
Builders-Providence, Inc. 
CLAMPS, RIVER. 
CLEANING WATER MAINS. 
COCKS, CURB AND CORPORATION. 
Hays Mfg. Co. ..... 


Pierce-Perry Co. .... 
Red Hed Mfg. Co. .... ... 
Smith Mfg. Co., The A. P. 


CONCRETE PIPE. (See Pipe, Concrete.) 


CONDENSERS. 

Worthington Pump and Machinery Corp. .................cccecceeecceeees vi 
CONTRACTORS’ EQUIPMENT. 

Worthington Pump and Machinery Corp. .........260:6.cs0;cccsnesenecuss vi 
CONSTRUCTION EQUIPMENT. 

CONSTRUCTION AIR TOOLS. 

Worthington Pump and Machinery Corp. ...............ccccsccceeccceeees vi 
CONTRACTORS. 

Reppucci, C. & Sons, Inc. ......... ..... ode iii 
COUPLINGS, FLEXIBLE PIPE. 


CURB BOXES. 
Bingham and Taylor 
DIAPHRAGMS, PUMP. 
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CLASSIFIED DIRECTORY OF ADVERTISEMENTS (Continued) 


ENGINEERS. 
Bailey, Howard E. ........ ii 
Barbour, Frank A. 2 ii 
Barrows, H. K. .... A ii 
Crosby, Irving ii 
Fay, Spofford & “Thorndike ii 
Knowles, Morris, Inc. ....... ii 
Metcalf & Eddy ...... ats ii 


ENGINES. (See Pumps and Pumping Engines.) 
EQUIPMENT. (See Contractors’ Equipment.) 


ERECTORS, WATER WORES AND POWER MACHINERY. 


FEED WATER FILTERS. : q 
FEED WATER HEATERS. 
Worthington Pump and Machinery Corp. ees vi 


FILTRATION PLANT EQUIPMENT. 
Builders-Providence, Inc. 


FLEXIBLE JOINTS. 

FLAP VALVES. 

FURNACES, ETC. 

GATE VALVES. (See Valves.) 


GUNITE. 

HOSE, SUCTION AND CONDUCTION. 


HYDRANTS, FIRE. 
Eddy Valve Co. 


Kennedy Valve Mfg. Co. ......... Bod 
Ludlow Valve Mig” Co. Inc., The ad ix 
Rensselaer Valve Co. ............. 
Ross Valve Mfg. Co. .... XXIV 
Smith Mfg. Co., The A. P. xvii 
ood, D., Co. xxvi 
HYDRANT PUMPS. 
INSTRUMENTS. (See Water Works Instruments.) 
LEAD. 
LEAD PIPE. (See Pipe, Lead.) 
LEAD WOOL. 


LEAK FINDERS. 
Pitometer 
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CLASSIFIED DIRECTORY OF ADVERTISEMENTS (Continued) 


METERS, WATER AND OIL, Page 
Builders-Providence, Inc. 
Pittsburgh Equitable Meter Co .... ......-..-..-- .... Following front cover 
METER COUPLINGS. 
METERS (VENTURI TYPE). 
Builders-Providence, Inc. 
Division of Builders Tron. Foundry: Xvi 
METER BOXES. : 
METER TESTERS. 
OIL ENGINES, DIESEL. 
PACKING. 
PIPE, BRASS. 
PIPE, CAST IRON (AND FITTINGS). 
Builders-Providence, Inc. 
U. S. Cast lron Pipe and Foundry sea ances Facing back cover 
PIPE, CEMENT LINED. 
Cement Line Pipe Co. viii 
Eureka Pipe Co., Inc. viii 
PIPE, CONCRETE. 
PIPE CUTTING MACHINES. 
PIPE JOINTING MATERIAL. 
PIPE, LEAD. 
PIPE LINING. 
PIPE, TRANSITE. 
PIPE, WROUGHT IRON AND STEEL. 
PLUG VALVES. 
PITOMETERS. 


PORTABLE AIR COMPRESSORS. (See Air Compressors.) 


PRESSURE REGULATORS. 


4 
| 
is 
i 
4 
: 
§ 
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CLASSIFIED DIRECTORY OF ADVERTISEMENTS (Continued) 


PROVERS, WATER. Page 
Pittsburgh Hauitable Meter Co. Following front cover 


PUMPS AND PUMPING ENGINES. 
Edson Corp., The 
Fairbanks-Morse & 
Morris Machine Works 
Ross Valve Mfg. Co. 
Turbine Equipment Co. 
Wood, R. D., Co. 
Worthington Pump ‘and Machinery Corp. 


RATE CONTROLLERS, AND GAUGES. 
Builders-Providence, Inc. 
Division of Builders Iron Foundry 


SHEAR GATES. 
Eddy Valve Co. 


SLEEVES, PIPE LINE REPAIR. 


SLEEVES, RIVER. 
Dresser Mfg. Co. Following front cover 


SLEEVES AND VALVES, TAPPING. 
Eddy Valve Co. 
Ludlow Valve Mfg. Co. Inc., The 
Rensselaer Valve Co. 
Smith Mfg. Co., The A. P. 


SUPPLIES AND 
Hays Mfg. 
Leadite Co., 
Pierce-Perry Co. 
Smith Mig. Co., The A. P. 


TAPPING MACHINES. 
Hays Mfg. Co. 
Red Hed Mfg. 
Smith Mfg. &., The 


TAPPING SLEEVES. (See Sleeves and Valves, Tapping.) 
VALVE BOXES. 


Rensselaer Valve Co. 
Wood, R. D., Co. 


VALVE INSERTING. MACHINES. 
Smith Mfg. Co., The A. P. 


VALVES, GATE. 
Eddy Valve Co. 
Kennedy Valve Mfg. Co. 
Rensselaer Valve Co. ... 
Smith Mfg. Co., The A. Pp 
ood, D., Co. 


VALVES, REGULATING. 
Ross Valve Mfg. Co. 


WATER WASTE DETECTION. 
Pitometer Co. 


WELL CONNECTIONS. 
Red Hed Mfg. Co. 


WROUGHT IRON PIPE. (See Pipe, Wrought Iron and Steel.) 
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EADING, PA. wanted the new 
highway even if it meant aban- 
doning a seven-mile-long water main 
which had to be re-routed. The cost 
of a new cast iron line would have 
been approximately $350,000. 
Fortunately, the original line was 
east iron. It could be salvaged and 
re-used. It was. Seven miles of 30- 
to 40-year old cast iron pipe in 24- 
inch, 30-inch and 36-inch diameters 
were taken up, reconditioned and 
relocated. The taxpayers of thrifty 
Reading were thereby saved a 


Pipe bearing this mark is cast iron pipe. msctmanuc. 


AST IRON 


TAA: SAVER NO, 


Relocated 36-inch cast iron pipe at Reading, Pa. 


SALVACED AND RE-USED... 
7 miles of Cast Iron Pipe 


large amount of money. This is a 
striking example of the salvage and 
re-use value of cast iron pipe. But 
there are numerous other examples 
in the files of the Cast Iron Pipe Re- 
search Association. 

It is impossible to foretell future 
requirements or population shifts in 
metropolitan cities but any public 
official can be sure that, when water 
or sewer mains must be abandoned 

or re-routed, the pipe can _ be 

salvaged or re-used, if it is cast 
iron pipe. 


Available in diameters from 114 to & inches, 


Cast Iron Pipe Research Association, Thomas F. Wolfe, Research Engineer, 1015 Peoples Gas Building, Chicago, Illinois 


q 


*The “2-inch by t-inch Test Bar Test,” illustrated 
above, is an acceptance test for cast iron pipe. The 
breaking load and deflection of the bar, which indicate 
the physical characteristics of the metal, are determined 
from this test. It is one of the routine tests made by 
this Company to insure that the quality of its pipe 
meets or exceeds the requirements of accepted standard 
specifications for cast iron pipe. United States Pipe and 
Foundry Co., General Offices, Burlington, New Jersey. 
Sales Offices in Principal Cities. 


* One of a series of controls in operation at each 


of our plants, beginning with inspection and cast iron 


analysis of raw materials and ending with tests 
of the finished product, all subject to the cen- 
tral control of our headquarters staff at 


Burlington. 
Centrifugally or Pit Cast for 
water, gas, sewerage, drainage 


and industrial services. 


a 
2 
7 
4 
4 


The Journal of the 
New England Water Works Association 


is & quarterly publication, containing the papers read at the meetings, together with 
reports of the discussions. Many of the contributions are from writers of the highest 
standing in their profession. It affords a convenient medium for the interchange of 
information and experience between the members, who are so widely separated as to 
find frequent meetings an impossibility, Its success has more than met the expecta: 
tion of its projectors; there isa large and increasing demand for its issues, and every 
addition to its subscription list is a material aid in extending its field of usefulness. 


All members of the Association receive the Jouanat for two dollars per annum 
which sum is included in their annual dues; to all others the subscription is four 
dollars per annum. 


TO ADVERTISERS 


E attention of parties dealing in goods used by Water Departments is called 
the Journan or THe New Encianp Water Works Association as an advertising 
medium. 
Its subscribers include the principal ‘Water Worxs Encineers and Conrracrors 
in the United States. The paid circulation is 1000 corts. 


Being filled with original matter of the greatest interest to Water Works officials 
it is PRESERVED and constantly REFERRED TO BY THEM, and advertisers are 
thus more certain to REACH BUYERS than by any other means. 


The Journat is not published as ‘a means of revenue, advertisements being 
inserted solely to help meet the large expense of publication. 


One-half page, one year, four insertions 
One-fourth page, one year, four insertions 
Card size, one year, four insertions . 


Size of page, 4% x 7% net. 


A sample copy will be sent on application. 
For further information, address the Advertising Agent, 


(Mrs.) Marcetra S, Norns, 
613 StatteR Burpine, 
Boston, Mass. 
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The Journal of the 
New England Water Works Association 


is a quarterly publication, containing the papers read at the meetings, together with 
reports of the discussions. Many of the contributions are from writers of the highest 
standing in their profession. It affords a convenient medium for the interchange of 
information and experience between the members, who are so widely separated as to 
find frequent meetings an impossibility. Its success has more than met the expecta: 
tion of its projectors; there is a large and increasing demand for its issues, and every 
addition to its subscription list is a material aid in extending its field of usefulness. 


All members of the Association receive the JourNAt for two dollars per annum 
which sum is included in their annual dues; to all others the subscription is four 
dollars per annum. 


TO ADVERTISERS 


TPHE attention of parties dealing in goods used by Water Departments is called 
the JournaL or THE New Enccranp Water Works ASsociATION as an advertising 
medium. 


Its subscribers include the principal WaTeR Works Encinerrs and CONTRACTORS 
in the United States. The paid circulation is 1000 cortrs. 


Being filled with original matter of the greatest interest to Water Works officials 
it is PRESERVED and constantly REFERRED TO BY THEM, and advertisers are 
thus more cerlain to REACH BUYERS than by any other means. 


The JourNnaL is not published as a means of revenue, advertisements being 
inserted solely to help meet the large expense of publication. 


ADVERTISING RATES 


One page, one year, four insertions .......... aa ay : Eighty Dollars 
One-half page, one year, four inserticns Fifty-six Dollars 
One-fourth page, one year, four insertions ....... Thirty-six Dollars 
Card size, one year, four insertions .. Sameer se .... Twelve Dollars 
One page, single insertion ... ... Forty Dollars 
One-half page, single insertion .. view Thirty Dollars 
Size of page, 442 x 7% net. 

A sample copy will be sent on application. 

For further information, address the Advertising Agent, 


(Mrs.) S, Norns, 
613 STATLER BUILDING, 
Boston, Mass. 
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Teade Mark Registered U.S. Pat Office 


COSTS ARE REDUCED WHEN LEADITE IS USED 


Of course, the greatest advantage in using LEADITE, is, that 
it makes a good, tight joint,—and thus reduces leakage to a 
minimum,—but LEADITE also offers the following ad- 
vantages, which are worthy of serious consideration: Saves 
caulking expenses—Reduces cost of digging large bell-holes 
—Saves in cost of material—Reduces time required for 
pumping “wet trenches’”—Saves time in preparation—Saves 
time in handling on the job—Saves in freight and hauling 
charges. 


Another point, LEADITE saves “interest charges” by speed- 
ing up the completion of the water line. 


The true value of LEADITE is best indicated by the fact that 
it has been used on THOUSANDS OF MILES of Water 
Mains,—all over this Country, as well as in many Overseas 
Countries. 


The Pioneer self-caulking material for c. i. pipe, 
Tested and used for over 40 years, 
Saves at least 757%. 


THE LEADITE COMPANY 


Girard Trust Company Building — Philadelphia, Penna. 


\ LEAD! LBS. 


: 
a 
; 
is 


: 

5 


